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Abstract
Different teaching and learning strategies have informed physics educators on addressing
the cultural meanings and practices of physics that have sustained homogeneity within
university programs. However, literature evidence physics learning environments are
under-theorized in dismantling homogeneity and conceptually changes physics student
learning for those struggling to learn physics. The purpose of this situational analysis
grounded theory study was to explain a theoretical construct of inclusive physics learning
environment strategies of eighteen college and university faculty, collected from
interview data in a 2017 study. The research question guiding this study was to describe
the sociocultural theoretical structure emergent in the inclusive physics learning
environment interview data. Situational analysis grounded theory (Charmaz, 2014, Clarke
et al, 2018) was used to analyze eighteen semi-structured interviews with university
physics educators from multiple institutions and programs. During the analysis, two
situated epistemic modes, physics as content and as a sociocultural orientation were
found to act as an organizing center of the inclusive physics theoretical framework.
Findings suggest that the foundation of the inclusive physics learning environment was
that power, defined as the ability to negotiate and reify ideas and norms, functioned
dialectically with the physics social world. Meaning, inclusive practices were acquired
through the physics social world and were often reflective of an instructor’s lived
experience. Based on these findings, this study agrees with existing science education and

learning science scholarship that questions the lack of a critical approach and an over
individualized unit of analysis in sociocultural research regarding diversity and inclusion.
The findings of this study go further by revealing the organizing process described as not
passive or neutral, but intentionally formational, social, and structural. This study likely
serves as a pilot framework for furthering the study of inclusion and physics, and the
learning environments which may lead to unseating racialized and gendered physics.

Keywords: situated cognition, grounded theory, inclusive, physics, diversity
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Chapter 1
Historical Background
In recent years, national conversations debating the significance of diversity and
inclusion of physics have drawn increased attention. Supreme Court Justice Roberts, in
Fisher v. University of Texas, a case on diversity and admissions policies, asked lawyers
to articulate if a minority student brings a unique perspective to a physics class (AAPT
Committee on Physics, 2016). In “An Open Letter to SCOTUS from Professional
Physicists,” drafted by the Equity and Inclusion in Physics and Astronomy group (2015),
Justice Roberts received an answer. Their response argued that the hard sciences, social
realities, and racism are not distinct from one another. Said differently, the respondents
argued for a particular orientation to physics, one which connects physics, identity,
society, and culture. But, according to research on physics, the respondents to Justice
Roberts’s deliberation were making an aspirational claim about the physics and culture.
The letter concludes by informing Justice Roberts of the institutional power and
preference historically secured by White students. The letter posed a corrective question
asking why, and not if, physics has failed students of color. On the one hand, the question
posed by Roberts is appreciable and cognizable if physics is a type of universal objective
reality in the positivist tradition. On the other hand, Roberts’s question for others reveals
an egregious error of the nature of science, and more specifically, of physics. Although
some debated whether physics has failed students of color or diminished the hope for
physics education for every student, the undergirding question inherent in the debate is,
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what is the relationship between physics, society, and student (or teacher) identity, and
how is this relevant and significant to broadening participation in physics?
The Development of Science and Culture
In the words of Harding (1991), the plausibility structures of Western science and
physics are often understood to be value-neutral (unbiased), disinterested, and objective
towards the natural world. Proponents of this plausibility structure of physics tended to
disconnect physics from all things sociocultural, multicultural, or gendered (Danielsson,
2012; Harding, 1986, 1991, 2009; Hyater-Adams et al., 2019; Krugly-Smolska, 2013;
Lemke, 2001; Traweek, 1992). This is not to say proponents of a more objectivist and
positivist orientation to physics did not want to increase participation in physics for
nondominant students. However, since the 1980s, science education theorists have
questioned the viability of contemporary science frameworks needed to enhance diversity
and inclusion in the absence of a guiding sociocultural orientation (Brickhouse, 2001;
Lemke, 2001; Nola & Irzik, 2006; Rainey et al., 2019).
The relationship between science education, diversity, culture, and public policy
has been debated and analyzed through a variety of theories and approaches over the last
three decades (Carter, 2004; Harding, 1998, 2015; Hodson, 1993; Krugly-Smolska, 1996;
Medin & Bang, 2014; Stanley & Brickhouse, 1994). Some of the theories and
approaches, such as Lemke (2001), presented a re-thinking of science education through a
sociocultural lens informed by cultural anthropology. Others sought to navigate science
as a subculture where students were seen as needing to be hosted into the culture of
science (Aikenhead, 1996; Cobern & Aikenhead, 1998; Hodson, 1993). The development
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of science and culture and their resultant theories and approaches is an important history
to recount in order to understand what is currently known about the relationship and what
is yet to be known.
The idea of science as a cultural enterprise or anthropological system began to
counter traditional Western science narratives in the 1980s and 1990s (Aikenhead, 1996;
Carter, 2004; Hodson, 1993; Lemke, 2001; Ogawa, 1995; Stanley & Brickhouse, 1994).
Western science was generally and historically described as objective and acultural, with
universal claims, free from the biases of the social sciences, and therein “discovered”
during the Enlightenment movement of the seventeenth and eighteenth centuries
(Brickhouse, 2001; Medin & Bang, 2014; Harding, 1986). This narrative ensured its unity
and conformity, while also allowing science education to be owned by those who
identified with it (Corbett, 2016; Danielsson, 2012; Dounas-Frazer et al., 2017;
HyaterAdams et al., 2019).
Traweek (1992) and (Harding, 1991) provided seminal works challenging the
nature of science as acultural and independent of human engagement, proposing that
science is engendered within a culture of masculinity whose questions and knowledge
base are positioned within a societal cultural context. Harding (1991) summarized her
critique of the traditional sciences through a feminist lens. Western science in the feminist
critique is repressed, hidden, a type of power embedded within a narrative leading us to
justify its claims from which scientist see few other alternatives. Harding (1991) argued
such tensions are ubiquitous in the sciences and leads towards a regressive way of
knowing. Harding (1991) narrates the story and culture of science located in modernity’s
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articulation of empiricism, presenting a hermeneutic that rejects the influences which
spawned its growth. In this way the practice of science began by assenting to its own
mythical origin story (Bang & Medin, 2010). The origin story described by Harding
(1991) evidenced the growing awareness of scientist to recognize that the origins of
science were deeply embedded in a sociocultural world.
Preceding their work, Maddock (1981) described and defined science education as
a cultural enterprise, drawn from the wider culture, of which educational considerations
must be a concern. Similar anthropological approaches formed to broaden participation in
science education and produced notions of the science classroom as a cross-cultural space
and criticized modern science as monocultural, mythical, and epistemically narrow
(Aikenhead, 1996; Brickhouse, 2001; Carter, 2004; Cobern &
Aikenhead, 1997; Klurgly-Smolska, 1996; Ogawa, 1995). This is to say that although
Western science continued to claim to be value-neutral and acultural, a growing belief
challenged these notions of Western science which had formed dualistic categories as
male-female, nature-object, mind-body, and valued one over the other (Brickhouse, 2001;
Danielsson, 2012; Harding, 2009, 2015).
A critique of diversity and multicultural approaches of the modern sciences at the
turn of the century, described such approaches as an epistemic hierarchy (Medin & Bang,
2014; Carter, 2004; Nola & Irzik, 2006), which countered earlier arguments against
multicultural education wherein the curriculum was to be acultural (Schlesinger, 1992).
Multicultural science educators resisted and offered a set of cultural frameworks to guide
the development of classroom practices influenced by the work of multicultural,
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crosscultural, and intercultural scholars (Aikenhead, 1996; Carter, 2004; Corbin &
Aikenhead, 1997; Krugly-Smolska, 1996; Medin & Bang, 2014; Ogawa, 1995; Pomeroy,
1994). Such frameworks were based in anthropology, included social learning
perspectives and postcolonial and post-structural theory, and produced physics education
research that sought to align the lack of diverse representation in physics directly to the
role cultural and social constructions of identities play in classroom participation (Bang &
Medin,
2010; Carter, 2004; Daane et al., 2017; Danielsson, 2012; Dewsbury, 2020; Finkelstein,
2005; Gonsalves et al., 2016; Hyater-Adams et al., 2018; McMahon et al., 2019; Medin
& Bang, 2014).
In summation, the early referents of science education and culture, whether
multicultural, intercultural, or cross-cultural, were organized under two main headings as
described by Carter (2004). First, broadening participation for non-dominant communities
that centered the students and advanced teaching strategies that honored what students
brought to the classroom (Barton & Tan, 2009; Corbett, 2016). Science education from
this perspective often located the need for cultural relevance where students are brought
into an assimilative activity (Aikenhead, 1996; Carter, 2004; Corbett, 2016). Students and
their culture were interpersonally problematized, meaning science education engages the
student culture as deficit and barrier to learning Western science (Barton, 2001; Kidman
et al., 2011; Krugly-Smolska, 2013; Mckinley, 2001). Western science remained as a
barrier and boundary for individual students to cross
(Aikenhead, 1996; Bang et al., 2012; Carter, 2004; Barton & Tan, 2009; Lewis &
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Aikenhead, 2001).
Multicultural Science
Another strategy for increasing participation for non-dominant communities in
science education included challenging the settled assumptions of Western science via
non-Western and indigenous communities (Barton, 2001; Carter, 2004; Cobern &
Aikenhead, 1998; Pomeroy,1994; Snively & Corsiglia, 2001). Scholars argued that
broadening participation would broaden conceptualizations of science and promote
inclusivity (Krugly & Smolska, 2013; Snively & Corsiglia, 2001).
Although critics of multicultural science education denounced multiculturalism as
overly concerned with identity recognition and mythically encouraging students to equate
their belief systems and cultural perspectives with science, socioculturalists proposed an
epistemic approach to counter the universalist conception of science (Krugly-Smolska,
2013; Nola & Irzik, 2006). Others sought to further democratize the multicultural and
sociocultural approaches by broadening modern science, thus choosing to address
knowledge-power relations, the settled nature of science orientation, and epistemic
hierarchy (Carter, 2004; Bang et al., 2012; Bang & Marin, 2015; Bang & Medin, 2010;
Danielsson & Linder, 2009; Kidman et al., 2011). Yet, over the last two decades,
diversity and inclusion efforts of science, technology, engineering, and mathematics has
only slightly improved its diversity and inclusion statistics, of which physics has not
made nearly as much progress during the same span of time (American Institute of
Physics, 2022).
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Recent Diversity Data
According to Tyler et al. (2020), U.S. physics bachelor’s degrees conferred in
2017-18 increased 3.5% from the previous year, and 145% since its low in 1999, but
African Americans and Hispanics made up only 4% and 8% of the class of 2018. This is
fewer than 10% and 14% of the college-age population of 18-24-year-olds. After a
significant downturn of physics degrees earned by women in 2014-2016, in 2017-18,
women earned 22% of all physics bachelor’s degrees conferred, which was reported as an
all-time high (Tyler et al., 2020). An earlier overview of similar data showed 80% of
physics bachelor’s degrees were awarded to men, and 80% of them were White
(McCullough, 2018).
Physics education research has benefited from increased funding in general, but
only recently has funding increased to study diversity in physics education research
(Frazer, 2017; Turpen et al., 2017). According to Cochran and Boveda (2020), since its
establishment in the 1970s, physics education research has only recently grown its focus
on equity and diversity. Conference proceedings of the 2018 and 2019 Physics Education
Research Conference (PERC) revealed nearly 16% of the presentations mentioned
diversity of various identities (Cochran & Boveda, 2020). As such, identifying the
barriers and boundaries to participation through PERC’s public discourse and research
efforts has produced an attentiveness to the gaps in literature, which required physics
education research to extend beyond naming and acknowledging diversity challenges in
physics (Cochran & Boveda, 2020).
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Recent research efforts have explored power and identity in relationship to
learning and inclusion for science education (Bang et al., 2012; Prescod-Weinstein,
2019). Though early feminist epistemologies found alignment with sociocultural
approaches, physics education research only recently began to access critical theories,
social justice, and power constructs (Bang & Medin, 2010; Hyater-Adams et al., 2018).
Additionally, according to Farhangi (2018) and Gutiérrez and Barton (2015), the
problems faced by women and minorities in physics from a sociocultural perspective
highlights a needed shift in the analytical focus of university physics education research
from its highly individual-interpersonal codex.
Problem Statement
As discussed previously, though unable to significantly improve diversity, physics
education research has accepted and acknowledged the usefulness of
constructivistsociocultural approaches (Turpen et al., 2017), but also resisted addressing
inclusive physics strategies that challenged objectivist roots (Harding, 1991, 2015; Medin
& Bang, 2014; Tobin, 2013). The earliest approaches in the field applied anthropological
perspectives of science education (Cobern & Aikenhead, 1997; Hodson, 1993; Maddock,
1981; Tobin, 2013), and today physicists may remain agnostic to their objectivist and
positivist beliefs about science (Krugly & Smolska, 2013; Medin & Bang, 2014;
PrescodWeinstein, 2019; Tobin, 2013). Sociocultural methodologies acknowledged
students’ cultural and social identities as significant but determined that they could
negatively impact their ability to learn science and physics (Barton & Tan, 2009; Gurgel
et al., 2016). A common response was to employ postmodern and poststructural
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epistemologies to diversify ways of knowing, essentially rethinking physics as a
sociocultural construct, but this response only applied such methods to the individual
student (Cheryan et al., 2017; Esmonde & Booker, 2016; Gurgel et al., 2016). Brickhouse
(2001) identified feminist epistemologies and pedagogies as compatible with
constructivist sociocultural approaches like situated cognition but noted both were
individualistic in orientation. This seems to have led to advancing strategies that further
problematized students of color and women and negatively impacted their self-efficacy
and sense of belonging (Bang et al.,
2012; Gurgel et al., 2016; Hyater-Adams et al., 2018; Kalender et al., 2019). Recent
studies seem to implicate physics culture as contributing to a lack of social motivation
for physics learning and a difficulty developing strong physics identity, often related to
negative peer interaction or a lack of positive teacher recognition, and thus contributing
to a lack of participation (Brewe et al., 2010; Dewsbury, 2020; Gonsalves et al., 2016;
Hyater-Adams et al., 2018; Li et al., 2020). Prescod-Weinstein (2019) described physics
culture as the practice of White empiricism, which is defined as a type of antiempiricism dependent upon the positionality of the physicist. Broadly speaking,
inclusive physics approaches have been characterized as the application of one of three
analytical frames of reference: the use of a diversity frame, a deficit frame, and an equity
frame (Dewsbury, 2020). However, there is little research on the frameworks for how
physics faculty reason about these diversity, equity, and inclusion (Turpen et al., 2017).
Scholars have described the impact of the marginal participation of women and students
of color on physics education while simultaneously upholding a physics culture that
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historically preferences White males (Rodriguez et al., 2016; Prescod-Weinstein, 2019).
The negative impacts include a) narrowly limiting creativity and epistemic heterogeneity
by assuming that what is known about science is settled, b) dismissing the contributions
made by other cultures, thereby diminishing a community’s ability to access science
education to solve its own problems, and c) under-theorizing the overall theoretical
frameworks for inclusive learning environments, leaving science education with fewer
evidence-based teaching and learning strategies (Bang et al., 2012; Bang & Marin, 2015;
Handayani et al., 2018; Medin & Bang, 2014). Specific to physics education, Rodriguez
et al. (2016) similarly argued that recent research on active learning environments
improved retention for women in physics.
Accordingly, it is argued that previous approaches have only marginally
supported and improved participation for women, and much less so for non-Whites (Bang
& Marin, 2015; Gutiérrez & Barton, 2015; Prescod-Weinstein, 2019; Turpen et al.,
2017). Unfortunately, these approaches resulted in assimilating students into a physics
culture which reproduced a lack of self-efficacy, diminished physics identity, and
discouraged a sense of belonging. Hence, it is argued that the key problem for physics
teaching and learning is the under-theorizing of inclusive physics learning environments
that occurs by alternatively directing sociocultural teaching strategies towards the
individual student as the unit of analysis, not providing an analysis of identity and power
relations, and uncritically accepting inclusion from the perspective of participation from a
peripheral and often marginal position (Bang & Marin, 2015; Dewsbury, 2020; Farhangi,
2018; Finkelstein, 2005; Gutiérrez & Barton, 2015; Turpen et al., 2017).
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Purpose Statement
The main objective of this situational analysis grounded theory research was to
theoretically examine the inclusive physics learning environment strategies of 18 college
and university faculty interview data gathered in the Identifying Best Practices for
Inclusive Physics Learning Environments study (NSF-1611318). It was hypothesized that
if additional research methods theoretically analyzed the grant research study data, it
might advance the objectives and outcomes of the grant research study. Researchers
found that some of the objectives and associated practices reported in the grant research
study concentrated on the interpersonal and the individual, with a view to maintaining
justice and hospitality (Robertson et al., 2018). Yet research findings also noted that other
objectives and practices openly recognized the structural marginalization of women and
people of color in physics, framing physics education as an opportunity to disrupt such
oppressive processes.
This dissertation study theoretically analyzed the individual-interpersonal and the
structural-systemic focal points presented in the grant research data of physics instructors
and administrators. It was of interest to know if sociocultural approaches designed to
emphasize social worlds and cultural discourses might reveal a theoretical structure
integrating both the individual-interpersonal and the structural-systemic. Goos (2013)
argued that sociocultural perspectives not only informed the observation of practices, but
also informed how that research influenced classroom practices of instructors. Goos
(2014) later extended the research to include the relationship between teacher’s cognition
and practices in professional spaces, and how they might lead to transformation.
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Additionally, whether an emerging theoretical framework would confirm, counter, or
extend current sociocultural theories was also of interest. Therefore, similar to the initial
grant research study, this dissertation study further analyzed the models, principles,
practices, beliefs, and values that create inclusive physics learning environment
frameworks, grounded within the situated practices of physics educators.
Recent learning sciences research (Curnow, 2016; Esmonde & Booker, 2016)
questioned whether situated theoretical frameworks and strategies simply re-create
marginal learning experiences wherein students of color are exposed to a deficit frame as
instructors practice inclusion. It is hypothesized that if inclusive physics is a form of
participation that is largely assimilative and enculturates deficits for some students while
rewarding others, then a theoretical framework of inclusive physics learning may
navigate the relationship between the individual-interpersonal and structural-systemic.
Significance
The primary contribution of this research was to advance the theory of and
scholarship on inclusive physics learning environments for the physics education research
community. As physics education research seeks continued funding and diversity
continues to slowly increase, findings may help reimagine future studies for the field and
lead it into new directions. New directions include the use of analytical tools capable of
highlighting the social and cultural world of physics. It is argued here that the dissertation
study addressed a gap in the literature in relation to the individual focus versus the
structural and systemic levels of analysis. The findings may also assist physics program
leaders by contributing theoretically to the redevelopment of physics programs, the
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practices of peer instructors, curriculum development, and retention practices such as
mentoring. These contributions should directly benefit physics departments.
Lastly, the importance of the study is directly related to how societal institutions,
such as the Supreme Court of the United States and policy makers, view physics as a
legal and policy project but not a sociocultural enterprise with implications on the lives of
a diversifying electorate and the structures and systems that impact them. Does a
student’s race or gender have anything to do with physics? The objective of this study
was to locate an emerging theory responsive and relevant to that question so that public
policy can serve a diversifying electorate.
Research Questions
1. What is an inclusive physics learning environment theoretical framework?
a. What aspects of a theoretical framework directly impact assimilative
outcomes?
b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
c. How does a critical sociocultural approach structure physics culture?
2. What sociocultural factors strongly correlate or align with inclusive physics
learning environments?
3. How does an ecological/structural/systemic unit of analysis advance
sociocultural theory?
4. What is a physics social world, and what is its relation to inclusive physics
learning environments?
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Overview of Research Design
Data for this dissertation was originally collected through the study of 18
university and college physics educators entitled Identifying Best Practices for Inclusive
Physics Learning Environments (NSF-1611318). The dissertation was for the same
purpose as the grant research study and furthered by the researcher for this dissertation.
The dissertation researcher was also co-principal investigator of the grant research study
and received IRB approval to participate in the grant research study. Therefore, the
dissertation study did not require further IRB approval.
The objective of the Inclusive Physics Learning Environments grant research
study was to support the physics education research community to better understand
inclusive physics learning environments by identifying existing practices and developing
research-based resources for supporting women and minorities in physics classes and
departments. The grant research study invited participants to describe the current
practices of physics instructors using three research questions:
1.

What are some of the existing models and exemplary practices for creating

inclusive physics learning environments?
2.

What knowledge, beliefs, values, and priorities do physics faculty share

that could support diversity-oriented physics faculty in creating more inclusive learning
environments?
3.
environments?

What resources will support physics faculty in creating inclusive learning
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The dissertation study was designed to generate a theoretical framework based on
a situational analysis grounded theory of instructor or faculty interview data, and asked,
did a theoretical framework emerge from the interview data? The grant research study
questions produced a repository of values, beliefs, practices, and frameworks for
inclusive physics learning environments. Therefore, the grant research study informed the
dissertation research questions so as to expand an aspect of the research and provide
resource support for women and minorities by discovering the underlying theoretical
frameworks of inclusive physics learning environments. It was important to learn if a
theory emerged from the models, strategies, beliefs, values, and ideas collected in the
interview data.
After the completion of the grant research study, interview data were re-analyzed
for this dissertation using constructivist grounded theory and situational analysis.
Grounded theory was designed to theoretically analyze different types of data including
interview data (Clark et al., 2015; Corbin & Strauss, 2008). Higginbottom and Lauridsen
(2014) describe grounded theory as a school of systemic methods capable of addressing
different research questions from variety of researchers. As such, the theoretical analysis
of the interview data presents an opportunity to utilize grounded theory as a flexible and
inductive tool that allows theory to be discovered and emerge from the data. In its
original conception, Glaser and Strauss (2017) and later contributions by Corbin and
Strauss (2008), aligned grounded theory with more positivist methods. A constructivist
approach developed by Charmaz (2014) was used for this study because constructive
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grounded theory fit the post-positive and interpretive analysis needed to address the gap
in the literature of inclusive physics learning environments.
Previous literature has shown that inclusive physics under-theorized the structural
or ecological analysis, often individualizing inclusive strategies. For this reason,
situational analysis was used in the current study. Situational analysis as a postmodern
interpretive methodology is also rooted in constructivism, acknowledges the positionality
of the researcher as situated in a cultural context, and conceives the unit of analysis or
area of inquiry ecologically through the construction of three visual analytical maps
(Clarke et al., 2015). Furthermore, this poststructural approach is a development of
traditional grounded theory, allowing for a strong analysis of discourses and situated
knowledges (Clarke et al., 2015). It is intended to ensure data is analyzed at the structural,
systemic, and environment levels.
The reflexive role of the researcher is a primary issue within constructive
grounded theory and another reason why grounded theory (Clark et al., 2015; Charmaz,
2014) was selected as a method for this dissertation. Designed to include the researcher,
grounded theory supports the position of the researcher as participant and is not
constrained by previous theory (Bryant, 2009; Charmaz, 2014; Tolhurst, 2012). Nagel et
al. (2015) argue the constructivist approach to grounded theory is philosophically
different because it embraces the co-construction of phenomenon. Constructive grounded
theory allows the researcher to constantly compare the data in ways that affords the
research freedom to creatively interpret the data and generate theory without being
consciously directed by previous theories and concepts (Charmaz, 2014; Glaser &

18
Strauss, 2017; Halberg, 2010; Tolhurst, 2012). Along with the situational analysis,
designed to be compatible with constructive grounded theory (Clarke et al., 2015), the
dissertation methodology provided the tools to analyze the original inclusive physics
learning environment research grant interview data for an emerging theory.
Definition of Terms
Sociocultural
As it relates to sociocultural research theory, Vygotsky’s developmental
psychology theory emphasizes mental cognition as originating socially (Nasir & Hand,
2006; Robbins & Aydede, 2008; Shabani, 2016). Human action is analyzed for its
mediational means for learning and cognition (Wertsch et al., 1995). Sociocultural
research seeks to understand the relationship between the intramental and intermental
planes of cognition. This is a way of understanding the situated cultural-historical
activities and it also describes the shared or distributed cognition of communities
(Clancey, 2008; Cole, 1995b; Lave & Wenger, 1991; Wertsch & Rupert, 1993).
Culture
Culture, defined in part as a semiotic network distributed or extended spatially and
institutionally, can be identified in the mediated artifacts, such as the language,
discourses, activities, and ideas within a system or environment (Bonnell & Hunt, 1999;
Wenger, 1999, 2010; Hatano & Wertsch, 2001). Bechtel (2008) further elaborates on
culture and cognition, positing that cognition is interactive within its cultural
environment, meaning that situated cognition is not the sole property of mental
processing but a system of cultural-historical mediated artifacts (Prinz, 2008; Hatano &

19
Werstch, 2001; Werstch, 1994; Werstch & Rupert, 1993; Rogoff, 1995).
Learning Environment
Based on the initial National Science Foundation grant funded study of 18
university and college physics educators entitled: Identifying Best Practices for Inclusive
Physics Learning Environments (NSF-1611318), learning environments were broadly
defined based on the interview protocols. Cole (1998) provided an early articulation of
learning environments, noting sociocultural theorists understood constructivism in the
learning sciences to support the organizing of classroom activities. Subsequently, based
on the available literature, learning environments can be defined as a community of
practice (Lave & Wenger, 1991) where the community consists of the discourses,
symbols, interactivities, and social relations situated within or relationally to classroom
activities (Barab & Duffy; 2012; Curnow, 2016). Social theorist Wenger (2010) noted
that teaching and learning occur within the context of situated and culturally mediated
practices.
Theoretical Framework
Miroslav Volf’s seminal work, entitled Exclusion and Embrace: A Theological
Exploration of Identity, Otherness, and Reconciliation (1996), makes a theological claim
regarding inclusion and modernity. Volf (1996) provides a historical look at philosophies
of inclusion and exclusion in modernity. According to Volf (1996), philosophers such as
Foucalt and Nietzsche made significant claims about normativity and inclusion. Learning
from Foucalt, Volf reiterates that to define inclusion as the absence of boundaries
produces a certain non-order (1996). Such is chaotic, and the pursuit of which may
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instantiate the very oppression or exclusion one seeks to avoid (1996). Thus Volf (1996)
concludes there is an inherent tension in the pursuit of inclusion which connotes the
diametric relationship to exclusion.
Volf’s theological claim as to the inherent tension contained within the pursuit of
inclusion can be viewed through a poststructural critical lens. For example, does the
pursuit of inclusion require science education, STEM, or physics to reduce differences in
order to produce a type of similitude, cultural homogeneity, a noble assimilation, or a
civilizing of the cultural other? Is the pursuit of inclusive physics understood as the
construction of differences, barriers, and walls? If these questions have any relevance to
the way in which physics understand itself, the work of inclusion as a heterogeneous,
multi-voiced project could be oppositional or in tension with physics culture. One might
understand inclusivity in ways that require students to assent to being the cultural other
wherein teaching strategies are intended to make the learning environment simply
culturally hospitable. In a descriptive study on race and gender, Rainey et al. (2019)
described the prominence of STEM change efforts that were largely based in a deficit
model, which may indicate a lack of understanding of other contributing factors. The
theoretical key to inclusive physics may lie deep within how it understands itself, its
own culture as a community of practice (Corbett, 2016; Danielsson & Linder, 2009).
Danielsson and Linder (2009) frame the physics community as a community of practice,
understood as a broad, interrelated, and complex learning environment. By viewing
science and physics culturally, with its own identity formation, schema, and tools,
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researchers can problematize the learning environment, a learning environment that is
broader than the classroom (Medin & Bang, 2014; Ong et al., 2011; Prescod-Weinstein,
2019).
The dissertation study foregrounded the physics community of practice as a
learning environment in the pursuit of an emerging theory. It also acknowledged the
relatedness of inclusion and exclusion as noted by Miroslav Volf (1996). This thesis
aimed to discover an emerging hypothesis of inclusive physics learning environments
through analyzing inclusive teaching strategies as socially constructed mediated
activities.
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Chapter 2
Literature Review
To gain a better understanding of a theoretical framework of inclusive physics
learning environments, physics research on sociocultural approaches and inclusion of
women and students of color was explored. A brief history of sociocultural theory-related
literature was reviewed and summarized, focusing on discipline-specific approaches
using sociocultural theory to study inclusive physics. Prior to an in-depth analysis of the
literature as it related to the research questions, the role of the literature review in
grounded theory was first explored and explicated in this dissertation study. Limitations
and potential benefits were described as well as how they influenced the literature review
and finally, a discussion of a theoretical review of recent discipline-specific inclusive
research studies that also applied sociocultural theory.
Grounded Theory and Literature Review
Grounded theorists have debated the purpose of the literature review, and it
remains in controversy to some degree today (Charmaz, 2014; El Hussein et al., 2017;
Thornberg & Dunne, 2019). The grounded theory literature review was to be limited,
according to Glaser and Strauss (2017). It was argued that grounded theory required an
openness to the analytical process, helped minimize a priori assumptions that may
influence openness to the data, and supported emerging theory development
(Higginbottom & Lauridsen, 2014; Nagel et al., 2015). Openness to the data, or
theoretical sensitivity, is a key practice of grounded theory (Charmaz, 2014; Glaser &
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Strauss, 2017), and subsequently theorists have developed several positions on mediating these concerns
(El Hussein et al., 2017; Hallberg, 2010; Tolhurst, 2012). El Hussein et al. (2017) described the concerns
as attempting to navigate situating oneself in the current discourse, but not allowing the literature review
to influence the development of theory. Yet institutions seeking funding are often required to conduct a
preliminary literature review.
Glaser and Strauss (2017) originally proposed that delaying the literature review
until the data analysis has been completed prevents previous hypotheses from unduly
influencing the theoretical development process. It is argued that delaying the research
prevents importing previous theory but also encourage the development of the
researchers’ ideas (Charmaz, 2014), and should support understanding of a social
phenomenon (Hallberg, 2010). Therefore, when used to compare or advance the
analytical conclusions of the researcher, a literature review should act as a guide to
exploration (Charmaz, 2014; El Hussein et al., 2017). In fact, Thornberg and Dunne
(2019) argue that ignoring prior literature increases the risk of redundantly repeating
older theoretical results. They recognized that the admonition to delay the literature
review represented a more positivist ideology aimed at ensuring that grounded theory
analysis avoids subjectivity.
More recently, grounded theorists have noted that a growing number of
researchers have found that a lack of familiarity with the literature is highly unlikely and
unachievable even though the original contestation to reviewing extant literature is still
held (Charmaz, 2014; Ramalho et al., 2015; Thornberg & Dunne, 2019). Researchers,
struggling with the ambiguity of the literature review, spoke to an inability to distinguish
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themselves from their own previous experience or at times the work of others (Hallberg;
2010; Higginbottom & Lauridsen, 2014). Thornberg (2012), in his seminal response,
noted denying or delaying the literature review prevented researchers from engaging their
area of expertise due to previous knowledge, and could be used to ignorantly engage
previous literature, or, as was also noted by Hallberg (2010), institutional research
pragmatically required funding proposals to contain a literature review. Thornberg (2012)
went on to describe the impractical nature of not reading previous literature early in the
process for fear of contaminating or distracting engagement with the data as
fundamentally flawed and idealistic. What Thornberg called for was an informed
approach to grounded theory research wherein existing literature and frameworks were
viewed in a provisional manner. The researcher invited theoretical pluralism to critique
emerging theory and also integrated extant literature to compare concepts, codes, and
insights.
Similarly, El Hussein et al. (2017) proposed a framework to address the unlikely
and unachievable reality of delaying the literature review by defining the responsibility of
the researcher to begin the literature review and emerging theory at the same time. Their
framework emphasized the dynamic and iterative process of grounded theory studies and
described a process of reflexive integration of literature as the new knowledge emerges
from the data. In my opinion, the dynamic and iterative approach to extant work
emphasizes the integrative aspect in similar fashion to Thornberg’s (2012) informed
approach. Charmaz (2014) suggests there is much to learn from an informed approach,
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but ultimately argues to not let the literature review process diminish creativity by
assessing and critiquing data from an evaluative position.
Ramalho et al. (2015) states the researcher’s position in the literature review
process is largely determined by their epistemological stance, but what is ubiquitous in
grounded theory is for the researcher to acknowledge their positioning in the early stages
of the literature review. Therefore, it is necessary to acknowledge my heritage as an
African American, suspicious of science education for its historic harm done to my
community. I acknowledge my experience in equity education is nearly 20 years long and
my epistemic assumptions lean largely for epistemic heterogeneity. My position is not as
a physics educator, and I accept that I am an outsider to the physics classroom.
Three-Stage Literature Review Process
Thornberg and Dunne (2019) propose a three-step literature review, which was
also applied in this literature review. The first or initial stage of their literature review
framework is to develop an awareness of the landscape or geography of the unit of
analysis, providing a rationale for the grounded theory study. The second phase is similar
in process to Thornberg’s (2012) and El Hussein et al.’s (2017). They include an ongoing
review of extant literature informed by data and iteratively integrated into themes and
concepts similar to Thornberg and Dunne’s (2019). It is important to note that the end of
this step requires attentiveness to the construction and focus of emerging theoretical
abstractions so as to identify gaps in the literature (Thornberg & Dunne, 2019). The final
and third phase of the literature review occurs towards the end of the study and compares
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and contrasts concepts and themes with extant literature for its relationship with current
theoretical frameworks, ensuring the research avoids common preconceptions.
Stage One
This dissertation study pursued the application of the aforementioned three-step
literature review process. In stage one, a provisional review of extant literature produced
an awareness of previous sociocultural theorized inclusive physics research. The literature
review revealed existing research varied on learning outcomes and rarely assessed issues
of power concurrently. Additionally, self-efficacy, physics identity, and sense of
belonging were variables prominently used to assess participation or inclusiveness of a
learning environment. A number of authors centered one aspect of these variables, yet
few studies included all variables. A wide application of postmodern and post-structural
approaches was found in more recent literature, but earlier scholarship focused largely on
science and sociocultural learning theory. In light of the reported previous literature
related to inclusive physics and/or learning environments, it was timely to begin
analyzing raw interview data. A rationale for the dissertation study was identified and
drafted.
Stage Two
The second stage of the literature review emphasized an integrative approach as
noted by Thornberg (2012) and El Hussein et al. (2017), and in short revealed that
literature pertaining to sociocultural theory largely focused on application to individual
students. A review of curricular approaches used specifically in introductory physics were
reviewed. From my review, these studies predominantly used participation to

27
theoretically define inclusion. Over time, more extensive scholarship identified the use of
communities of practice (Lave & Wenger, 1991) as an analytical framework for
investigating the diversity of physics and its relation to situated identity, participation,
and learning. Increasingly, studies on gender disparities grew more prominent and
primarily addressed barriers to participation and masculinity. Towards the end of this
stage of the literature review, gaps in the literature and emerging concepts formed more
clearly.
Stage Three
In the final stage of the literature review process, I compared different
sociocultural approaches to inclusive physics studies and questioned the broad application
of sociocultural theory. For example, I analyzed if studies addressed the physics culture
as contributory to the problem of inclusion even though coded data, themes, and
situational maps revealed a more complex relationship existed. Farhangi (2019) argued
that regardless of the continued lack of diversity in the sciences, and physics more
specifically, sociocultural perspectives remain under-theorized. Emerging themes and
situational maps appeared consistent in this phase, allowing for a theoretical analysis of
inclusive physics studies.
Theoretical Foundation
In a seminal text of physics education research, Traweek (1992) ethnographically
presented the social world of physics and its great influence on American society. One of
the more infamous inferences by Traweek was the description of physics culture as a type
of value-free no culture-culture. Science education literature frequently referenced the
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cultural world of physics, and early proponents explored sociocultural approaches
(Aikenhead, 1996; Lemke, 2001). Krugly & Smolska (2013) identified 25 years of
previous literature on science education and sociocultural theory. Generally speaking,
physics as the basis for science, technology, engineering, and mathematics (STEM)
education suggests problems with inclusive physics may directly relate to the underlying
assumptions and constructions of sociocultural theory and may generalize to all of
science education. Lee (2007) and Bang (2017) posit that the constructs and assumptions
of sociocultural theory seem to be unable to address social identities, agency, and
relationship to power. Research has also shown that in many cases, sociocultural
approaches frequently directed the inclusive teaching strategies towards women and
students of color individually, applying a deficit model that negatively informed student
learning (Bang & Marin, 2015; Dewsbury, 2020; Farhangi, 2018; Turpen et al., 2017).
Furthermore, Bang (2017) and Vossoughi and Gutiérrez (2016) believe the dominant
perspective in the discipline of the learning sciences remains individual cognition and a
lack of criticality. In other words, a tension may exist in the way sociocultural theory is
applied to learning environments. Therefore, the following paragraphs explored
sociocultural theory and inclusion along with its related constructs, learning
environments, and physics culture.
Learning Environments
What is a learning environment? There are different types of learning
environments, and over the last several decades a constructivist shift began to inform the
design of learning environments (Land et al., 2012). Although it is beyond this scope of
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work to identify all the learning environments, it was necessary to define what they all
share theoretically. As defined by learning scientists in Theoretical Foundations of
Learning Environments, key assumptions, core values, and epistemological foundations
exist (Land et al., 2012). They posit that learning environments center the learner, involve
structured participation in sociocultural practices, value practical experience in learning,
and are epistemologically heterogenous. A more detailed description of each was
necessary as it provided a lens to explore the ways previous studies of physics learning
environments structured their approach. It is not intended to be a comprehensive outline
but to provide a way of viewing learning environments from the perspective of the
learning sciences discipline.
Land et al. (2012) describes student-centered learning environments as the thrust
of learning environment design. They articulated orienting teaching and learning
strategies where students can make decisions, do sense-making, and generally contribute
to the shaping of the learning activities. Students participate by integrating their own
ideas and structuring them within the learning activities. In addressing student-centered
learning environments, researchers have questioned whether science education learning
environments as currently practiced reproduce social hierarchies by valuing those
perceived to be at the top of the physics social order (Gutiérrez & Barton, 2015; Harding,
2015).
Next, learning environments as described by Land et al. (2012) design
participation beyond sense-making to also involve participation in the practices of that
community or classroom. Guided by situated cognition-learning theory (Brown et al.,
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1989; Clancey, 2008; Gallagher, 2008), the community of practice approach (Lave &
Wenger, 1991) often involved participation in the learning community as situated
contextually in the knowledge of the specific discipline or classroom practices. A greater
exploration will follow later in this chapter as previous literature contained frequent use
of situated learning and the community of practice model.
Learning environments were also described as containing the preexisting beliefs
of students and intentionally building upon what students know. Environments will afford
students the opportunity to engage local problems or experiences as a platform to learn
new ideas. For example, the interaction of student-student engagement was said to
support the design of learning environment activities. It should be noted that learning
scientists also proffer a more critical approach to accessing students’ preexisting
knowledge (Esmonde & Booker, 2016), and previous studies in physics education
research included studies applying culturally responsive approaches (Brown &
DeMonbrun, 2019; Daane et al., 2017), or cultural funds of knowledge (Barton & Tan,
2009). Previous studies established evidence that science and physics education were
influenced by cultural historical activities (Bell et al., 2013; Esmonde, 2017; Medin &
Bang, 2014).
Lastly, learning environments containing varied perspectives and representations
were encouraged and developed (Land et al., 2012). The design of learning environments
contained the use of tools of representation for manipulating ideas, different approaches
to argumentation, inquiry, and diverse means for articulation and reflection. Most early
studies as well as current work on inclusion in physics and science education questioned
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whether the tools and representations of physics produced limited identity development
for women students (Cheryan et al., 2017; Danielsson, 2012 Gonsalves et al., 2016;
Harding, 1991, 2009). It is further argued that the focus on varied perspectives was
compromised when the knowledge domain was considered settled (Bang & Medin, 2015;
Gutiérrez & Barton, 2015; Medin & Bang, 2014).
To summarize, a theoretical foundation for learning environments explicated four
elements: student-centered, involving structured participation in sociocultural practices,
valuing practical experience in learning, and epistemologically heterogenous. It is not
clear, however, if the theoretical framework applies to or has integrated what inclusive
physics research and critical adherents have learned. There were relevant criticisms of
learning environments in relation to the research questions of this study. As was noted,
inclusion beyond student participation and constructs of power were rarely present in the
research. The critique of learning environments was substantive because if inclusive
physics learning environments primarily center assimilative and deficit-oriented
participation, then a theoretical framework of inclusive physics learning environments
must rethink inclusion in ways that re-imagine what it means to learn physics through a
cultural orientation.
Researchers in the learning sciences claimed a new age and dramatic shift in the
relatively short history of learning theories that had been made (Land et al., 2012).
Sociocultural theorists made similar claims of a new trend in cognitive science and
learning (Robbins & Aydede, 2008; Wenger, 2010). What is the bridge connecting social
cognitive science and the learning sciences? What are the common assumptions and
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theoretical foundations? Scholars in the learning sciences and cognitive science both
adopted social learning theory, situated approaches, embodied and embedded cognition,
and distributive cognition, which are all largely based on similar ontology, epistemology,
and phenomenology (Bechtel, 2008; Enciso, 2007; Land et al., 2012; Sawyer & Greeno,
2008). According to Lewis et al. (2007), there was a hope for the capacity of sociocultural
learning theory to address diversity of human experiences in relation to culture and
learning.
In the next section, sociocultural theory was explored and provided a more
comprehensive explication of the research questions. As was noted previously,
sociocultural theory was applied in the foundational construction of learning
environments (Barab & Duffy, 2012; Esmonde & Booker, 2016; Lewis et al., 2007), and
is prevalent in previous science education, physics research, and literature on the lack of
inclusion of students of color and women (Arielle-Evans et al., 2019; Carter, 2004;
Curnow, 2016; Irving et al, 2020; Lemke, 2001; Farhangi, 2018; Medin & Bang, 2014).
Previous studies evidenced that science education research has long made a relevancy
argument for a discipline-specific approach in using sociocultural theory to form new
inclusive strategies and models (Cheryan et al., 2017; Danielsson & Linder, 2009;
Farnsworth et al., 2016; Gonsalves et al., 2016).
The primary research question for this dissertation study was to identify a
theoretical framework of inclusive physics learning environments and its relevance to
sociocultural theory. The research questions asked about the effect of a critical approach
to sociocultural theory on physics culture and attempted to discover the advancement of
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sociocultural theory capable of creating greater diversity in physics. An overview of
sociocultural theory was designed to examine previous research of inclusive physics that
accessed sociocultural theory. Did the literature demonstrate if and how physics research
has utilized sociocultural theory at the structural and systemic levels of the learning
environment?
Sociocultural Theory
Sociocultural theory is generally described as a family of approaches with a core
set of methods and practices (Clancey, 2008; Cole, 1998; Esmonde & Booker, 2016;
Gallagher, 2008; Hatano & Werstch, 2001; Robbins & Aydede, 2008; Sawyer & Greeno,
2008; Werstch, 1991, 1994; Werstch et al., 1995; Werstch & Rupert, 1993). Taken
together, sociocultural theory considers mental processing in context and describes the
relationship between cognition and the cultural-historical and institutional environments
in which that individual cognition occurs (Clancey, 2008; Cole, 1998; Hatano & Werstch,
2001; Werstch, 1991). What effectively holds together the different approaches and
practices is their relation to the work of Lev Vygotsky.
Vygotsky (2019) codified the idea of proximity (context), learning, and cognition
as social learning. Vygotsky proposed that learning enacts a litany of cognitive processes,
which operate as the child participates in an environment and in cooperation with others.
In his seminal article entitled, Interaction Between Learning and Development, Vygotsky
articulates a defining construct to his social learning theory. He states that learning
presumes a certain social nature from which child development occurs within the
intellectual life of adults (Vygotsky, 2019). Wertsch (1985) posits that Vygotsky’s
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theoretical development shaped the disciplinary fragmentation in cognitive theory by
asserting that mental cognition is mediated by a social cognitive structure through tools,
signs, and discourses. Cole (1998) provided an early argument for the efficacy of cultural
psychology in relation to issues of diversity and inclusion. Cole’s argument for cultural
psychology developed value for the role culture and cognition played in learning.
A seminal work by Brown et al. (1989) was the first to propose a situated
generative framework for the classroom. Their emphasis on learning as a process of
enculturation meant that educators were all too often teaching decontextualized material
independent of the context and the situations in which they were learned (Brown et al.,
1989). Since the 1990s, social learning theorists continued to critique traditional
curriculum and instruction as highly decontextualized and mentalistic. Its heavy reliance
on enculturation, assimilation, and behaviorism inspired the growth of sociocultural and
related frameworks into education broadly, science education, and more recently
inclusive science education and learning sciences research (Esmonde & Booker; 2016;
Gutiérrez & Barton, 2015; Medin & Bang, 2014).
The earliest social cognitivist and related theorist emphasized the ecological and
environmental nature of learning in order to better situate, embed, and embody learning
pathways and practices (Barab & Duffy, 2012; Clancey, 2008; Lakoff, 1987; Robbins &
Aydede, 2008). Developed out of the 1970s, largely to address the prevailing views on
cognitive psychology, social cognition takes on several forms that revisited cognitive
psychology (Land et al., 2012; Wilson & Clark, 2008). The historic roots of cognitive
psychology identified the unit of analysis as the psychological mind, where mental
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activity and cognition was said to occur (Cole, 1995b; Gallagher, 2008; Wilson & Clark,
2008). Bechtel (2008) argues cognitive science distinguished mind/brain from both the
body and the environment, treating it as an isolated mechanism in cognition.
In comparing the philosophy undergirding cognitive psychology and socially
situated cognition, Gallagher (2008) explains the Cartesian dualism present within
cognitive psychology as a distinction between mind, body, and environment.
Fundamentally, sociocultural theorists put forth a learning theory challenging
psychological cognitivist conceptualization of learning as an individual achievement
(Haneda, 2006; Shabani, 2016; Wertsch, 1985; Wertsch & Rupert, 1993). As such, the
opposition to traditional cognition was not intentioned to build an exclusively
sociocultural learning theory (Herrington & Oliver, 1995). Early social cognitivist such as
Brown, Duguid, and Anderson put forth a relational and social orientation to knowledge
that is also iterative with psychology and anthropology (Anderson et al.,
1996; Billet, 1994; Brown et al., 1989; Greeno, 1997; Lave & Wenger, 1991; Wenger,
1999). Situated cognitivists began with the premise that knowledge is mutually
constituted, and learning is co-constructed, which required a more relevant theoretical
framework (Barab & Duffy, 2012; Clancey, 2008; Gallagher, 2008; Haneda, 2006; Nasir
& Hand, 2006).
In the discussion of sociocultural theory as a set of approaches, the diversity of its
own practices and frameworks was also integrated into how learning strategies took shape
(Lewis et al., 2007; Wilson & Clark, 2008). Learning, according to sociocultural theory,
is located within a social context with a shared set of identity-forming practices (Lave,
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1996; Wenger, 1999). As individuals participate within a community, classroom, or other
formal community of practice, learning is happening or can happen even from a marginal
or legitimately peripheral position (Lave & Wenger, 1991). Yet, under the same umbrella
of sociocultural theory, learning or cognition is situated not only beyond the individual
mental processes but also beyond the mind and into the social world (Barab & Duffy;
2012; Bechtel, 2008; Robbins & Aydede, 2008; Wertsch et al., 1995). In this way,
learning looked differently, ultimately developing a wide array of expressions (Wilson &
Clark, 2008). Yet, what each of these had in common was an attempt to codify the
theoretical and practical relationships connecting individual cognition and social
phenomena, i.e., cultural-historical activities (Finkelstein, 2005; Lewis et al., 2007; Nasir
& Saxe, 2003; Shabani, 2016; Wertsch et al., 1995).
The diverse practices and distinctive elements of sociocultural theory have
developed over time and existed to explicate the interrelatedness of individual cognition
and social cognition (Clancy, 2009; Esmonde & Booker, 2016; Lewis et al., 2007;
Shabani, 2016; Werstch, 1988). According to Lewis et al. (2007), sociocultural theory
was a desirable and useful tool because it represented an interdisciplinary approach to
addressing issues of culture and community. Similarly, learning scientist, science and
physics educators, and related scholars explored its capacity to disengage individualistic
cognition and dualistic cognitive explanations, which had limited the analytical freedom
to engage at the intersection of the cultural, historical, and institutional dimensions
(Lewis et al., 2007; Finkelstein, 2005; Hatano & Wertsch, 2001; Wertsch et al., 1995;
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Wertsch & Rupert, 1993). Sociocultural theorists argued that psychological cognition and theories of
learning were upended as they became defined as inherently social (Shabani, 2016; Wertsch, 1994). No
longer would those concerned with social phenomena and culture or with psychological phenomena
analytically determine their unit of analysis and basis of inquiry in two different disciplines (Clancy,
2009; Wertsch, 1985). Those concerned with social or psychological phenomena may no longer have to
analytically evaluate their unit of study in two different disciplines (Clancy, 2009; Robbins & Aydede,
2008).
Some have argued, if the focus of sociocultural theory is situated in the
interrelationships of culture, its activities, and identity, then the treatment of race, gender,
academia, politics, and other social identity constructs also inform mental processing and
the mediated activities of the institutions associated with them (Nasir & Hand, 2006;
Lewis et al., 2007; Rainey et al., 2019; Esmonde & Booker, 2016). Evidence suggests
that sociocultural theorists made a claim for the social nature of learning as situated
within a context, a context culturally constructed with shared meaning and identity
development; however, these claims may not speak to physics identity development of
African American students in an introductory physics course, for example (HyaterAdams
et al., 2019; Prescod-Weinstein, 2019). Additionally, Goos (2013) proposed sociocultural
perspectives provided more than observable classroom practices, but also revealed
important impacts on the classrooms. Goos (2014) extended these findings to include
how sociocultural theories articulated relationships between instructor practices and the
professional learning community.
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Learning science theorists also made similar claims regarding recent efforts in
forming a theory of learning environments, only to later call into question sociocultural
theory’s explanatory power to address social identities by itself (Esmonde & Booker,
2016). Lewis et al. (2007) affirmed sociocultural theory for its ability to direct education
researchers away from deficit models by understanding the sociocultural activities of
communities, while also calling into question its ability to do so for race and gender.
Rainey et al. (2019) suggested that findings of their study on race and gender differences
in how instructional style and perceived professor care influence decisions in STEM
showed that when the classroom is viewed as a learning environment, underrepresented
students and women may experience the same environment differently than others.
Furthermore, they posited equity research does not focus on the learning environment as a
cultural system in which students are embedded. They also argue a common approach to
equity research in science education is to fix the disadvantaged student, thus diminishing
the role cultural environment has on learning for what they identify as achievement gaps.
Their findings suggested further research was needed that did not view students of color
as deficits or use deficit models, which in effect is an analysis of the student’s culture and
not the culture in which they are embedded.
In summation, recent physics education research has revealed sociocultural theory
was under-theorized largely in relation to women and students of color, even though it
surmised sociocultural cognition and learning was within and beyond the body. An
adaption to the sociocultural theoretical framework was proposed in the research
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questions to improve the applicability of the theory to physics education of women and
students of color.
In the next section, and final stage of the literature review, I provided a theoretical
analysis of three recent physics education studies. Based on previous stages of the
literature review, an analysis of the applicability of sociocultural constructs to women and
students of color was conducted. In particular, I focused on aspects of the learning
environment as the unit of analysis, and relationship between identity and power.
Through this literature review, I developed an understanding of the inclusive physics
theoretical frameworks.
Theoretical Analysis
Gender Gap in an Advanced Physics Course
To address the question of gender gaps in a course on electromagnetism,
researchers at a Swedish university conducted a study on the gender gap in mean grades
for the course. In response to instructor concerns regarding what appeared to be statistical
inequalities in grading for the course, Andersson and Johansson (2016) found a gender
gap existed in quantitative data of course grades between male and female students from
fall 2007 to spring 2013. The course was given 18 times during that span of time, using a
variety of teaching strategies. More female instructors taught the course than male, but
per program policy, to increase inclusion, the course was taught by both male and female
instructors. Statistical analysis found numeric grade differences were significantly
different, but female and male students passed the course at similar rates. They conducted
a discourse analysis of 21 student interviews from students who recently passed the
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course to better understand the statistical gender gap. Participants volunteered for the
study and could withdraw if desired. Data were transcribed and analyzed using a
discourse framework.
For Andersson and Johansson’s study (2016), individual gender, structural gender,
and symbolic gender were used to analyzed interview data. Individual gender was
described as personally mediated identity. Structural gender refers to broader conceptions
of gender embedded within the university community and physics program. Symbolic
gender was defined as societally inherent in higher education. It should be noted the study
recorded no ethnic diversity in the study participants and the authors acknowledged the
intersectional aspect of identity in social science. Although structural and symbolic
gender were included in the study theoretically, they were not determinative in answering
the research question.
Using a discourse framework (Gee, 2001), the authors explored the relationships
between the female students’ experiences and their gendered discursive identity so as to
understand the general patterns of interaction and the dynamics at work. A social
constructivist view of identity was used to understand the negotiated meaning identified
in the language of the interviews. The researchers used discourse analysis framework to
understand the meaning participants constructed from their actions in the situated context
of the physics program. Identity, significance, and practice were thematically organized.
However, is it necessary to question whether the themes should have also worked across
the three levels of individual gender, structural gender, and symbolic gender. A
sociocultural theory can also locate discourses at increasingly more social levels of
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interaction. In the current review of the literature, sociocultural research frequently failed
to analyze emerging themes at the structural and symbolic level and may have required an
analytical tool to identify how cognition was distributed or extended.
Andersson and Johansson (2016) concluded gender at no level was directly
implicated in causing the gender gap. Findings showed students organized identity,
significance, and practice, which was codified by the researchers in two distinct
discourses as—studying to pass and studying to learn. Studying to pass was described as
doing what is needed in compulsory courses like electromagnetism, as students formally
viewed the course as only needing to do enough to pass. Studying to learn was described
as a practice in which the course content was perceived to be necessary for future use,
vocationally as in future work, or disciplinarily as in future studies. In part, the authors
argued this particular course has a central role in the discipline of physics. The authors
believed students in Environmental Engineering were more likely to see physics as a
narrow discipline and unnecessary for their disciple or vocation. Data were presented
evidencing female students selected Environmental Engineering in part because larger
cultural ideas influenced female students.
The authors concluded that study participants viewed gender vaguely, leading
them to conclude that study significance was more directly contributory to inequities in
grading, not gender. However, the authors indicated structural and symbolic gender levels
produced discursive elements related to societal culture and physics. The study noted
references to study choice more indicative of gender at the structural and symbolic level,
for example, how programs are marketed as masculine/feminine dualisms or influenced
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by stereotypes in Swedish culture. They also discussed symbolically gendered
expectations viewed as masculine. Structural and symbolically gendered discursive data
may have been considered a priori assumptions or latent variables of the learning
environment model in this study.
In a wider sense, sociocultural theoretical constructs did frame grading inequities
in relation to how gender involved previously enculturated ideas about what physics is,
determining how it is marketed, and expectations female students interpreted. The
question then becomes, if grading was not perceived to be individually gendered, can the
influence of broader cultural influences infer that gender at the structural and symbolic
levels indirectly influenced grading inequities by creating the a priori cultural narrative
that physics is masculine, is marketed as such, and is perceived by female and male
students to be gendered? Sociocultural theory informed how the researchers viewed
gender beyond individual identity. Despite not concluding that grading was inequitably
gendered, students and researchers questioned the larger societal influences impacting
female students’ understanding of gender and inequities in grading. Furthermore, the
researchers called for further study, specifically on such issues.
This study under-theorized the intended breadth of a sociocultural approach by
limiting the analysis to individual mental processing, thus diminishing evidence of social
cognition. That is to say, female students provided evidence that studying to pass was
also impacted by their interaction with the spatial-social dimension, or marketing of
physics. Even with more female instructors than male instructors, what might be called an
a priori discourse, that physics is masculine, was not counteracted or interrupted. In the

43
electromagnetic course, unequal grading of female students was part of a broader spatialsocial culture, a community of practice and its related narrative, described in the
electromagnetic analysis as physics culture. An important question of this study was
whether an evaluation of power at the structural and symbolic levels would have
interrupted assumptions about physics as gendered in the learning environment.
Additionally, how might the gender gap be assessed differently by researchers?
Interrupting the individual mental processing at the structural and symbolic levels of
gender could have initiated cognitive dissonance for the female students to resist
gendered assumptions received as children about physics. A section within the course that
disrupted views of physics as gendered and reinterpreted the cultural narrative of physics
may have also improved female students’ motivation enough to decrease inequities in
grading.
A Quantitative Study Predicting Learning Environments and Gender
Li et al. (2020) designed a quantitative analysis of a calculus-based introductory
physics course to investigate how perceptions of the learning environment predicted
motivational beliefs. Previous science research and social cognitive theory (Carlone &
Johnson, 2007; Hazari et al., 2013; Meeuwisse et al., 2010) informed the theoretical
structure of their learning environment framework and was conversant with the work of
Hyater-Adams et al. (2018), whose work will be reviewed in the next section. Li et al.
(2020) thus determined interest and self-efficacy, defined as a belief in one’s capabilities,
has been shown to positively impact student motivation. Learning environment factors
used in the study included perceived recognition, peer interaction, belonging, and
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identity. It should be noted, researchers acknowledged the lack of quantitative studies
measuring the effects of learning environments on a student’s motivational beliefs. In
particular, academics called for further research on how learning environments support
equity and inclusion in physics.
The learning environment defined in this study was described as a broad range of
interactivity strategies, including identifying those beyond the classroom, which is
consistent with sociocultural theory and studies articulating physics identity frameworks
(Carlone & Johnson, 2007; Hazari et al., 2013; Hyater-Adams et al., 2018; Meeuwisse et
al., 2010). A statistical analysis included an exploratory and confirmatory factor analysis
of pre- and post-motivational survey data from students who took the particular course in
two consecutive fall semesters. A t-test was used to compare student’s pre- and
postscores. Total participants were 1203, divided into 427 female students and 776 male
students. Researchers validated the items on the survey on motivation, and Structural
Equation Modeling was used to predict relationships between the six survey constructs.
Three research questions framed the quantitative analysis. In summary,
researchers sought to understand if there were gender differences in students’ physics
motivational constructs: did they change during the course, how do factors of the learning
environment predict physics identity and self-efficacy, and what were the strengths of the
relationships between constructs for female and male students?
The study results demonstrated that by the end of the course, learning
environment constructs were predictive of male and female motivational beliefs. For
females, pre- and post-scores for motivational beliefs dropped more than males. The
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model also predicted the strength of relationships between constructs. Perceived
recognition, identified as the only environmental factor in the model, was the largest
predictor of motivational beliefs. Researchers concluded this quantitative analysis shows
a physics learning environment was mediating individual cognitive factors.
The results of this study demonstrated that the role the learning environment plays
in academic achievement is different for male and female students. It is important to pay
attention to environmental factors that influence interest and self-efficacy in order to
increase inclusion in physics. Evidence suggests decreasing motivational means for
female students or students of color in an introductory physics course was directly related
to the society within which students lived. Sociocultural theorists point to the relationship
between individual cognition and social cognition, but proponents of deficit models do
not hold this relationship, choosing to focus on student-based strategies.
Results indicate that an introductory physics course must consider how to
interpret and interrupt contextual influences that inform how female students and students
of color process the situatedness of the physics learning environment. From the findings,
it is clear that the theoretical structure of an inclusive physics learning environment must
include the ability to interpret and interrupt the structural and symbolic environmental
factors acting on motivational beliefs and interrogate the mediated activities that replicate
them at the individual cognitive level.
A Critical Look at Physics Identity
Hyater-Adams et al. (2018; 2019) attempted to advance an empirical physics
framework towards inclusion and equity by developing a discipline-specific identity
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framework. The critical physics identity (CPI) framework emphasized a holistic approach
for how Blacks identify as physicists, defining identity as existing within an environment.
The CPI is related to previous research that centered the intersection of race and gender
from a structural and symbolic level, primarily the experiences of Black women
physicists (Ong et al., 2011; Rosa & Mensah, 2016). It is also conversant with a
discipline-specific framework for physics identity informed by sociocultural approaches
(Carlone & Johnson, 2007; Hazari et al., 2010, 2013; Irving et al., 2020; Irving & Sayre,
2016; Meeuwisse et al., 2010). This section will summarize the CPI framework and
integrate related physics identity research work.
The CPI research addressed the gap in the literature on race and gender from an
intersectional point of view and was theoretically influenced by critical race theory as
well as socio-cultural theory. In this way, race and gender are central to physics identity
in relation to the learning environment. If we compare physics identity and the learning
environment in the previously discussed research in this literature review, it could be
argued that Andersson and Johansson (2016) centered physics identity and not gender
identity in relation to the learning environment. The CPI drew constructs of physics
identity based on a longitudinal ethnographic study of women of color in the sciences
(Carlone & Johnson, 2007) and a physics and gender study (Hazari et al., 2010, 2013)
that also informed previously reviewed literature in this chapter (Li et al., 2020). In
reviewing both the development of the CPI framework study and related research that
also applied similar constructs, the set of constructs in the CPI involved integrating
previous research on physics identity and racialized identity. The CPI theoretically
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sought to examine this intersection and was used to evoke the structural and systemic or
symbolic barriers faced by Black students in physics. It was also described as a process
of integrating racialized and physics identity constructs from semi-structured interview
data, employing a narrative inquiry method. Based on previous research, the CPI
categorized racial identity into three categories: material resources, relational resources,
and ideational resources. Material resources were similarly described as community of
practice and identity formation (Lave & Wenger, 1991), and artifacts as mediational
means, as defined by Wenger (1999). These included the academic advisor or class
assignments. Relational resources were defined as an individuals’ relatedness to others
in connection with the physics environment. Ideational resources were defined as how
individuals orient themselves to the situatedness of a place and its practices. Coding
within these categories allows for subcodes to be categorized as negative or positive
under each resource. Each resource category appears to correlate with some aspect of
sociocultural theory.
The CPI organized physics identity into three constructs: recognition, interest, and
performance or competence. Each of these constructs were defined based on the work of
Hazari et al. (2013) and were similarly used in the previous scholarship (Li et al., 2020).
Recognition was defined as being identified as a physics person. Interest was defined as
having a desire to be in the discipline. Performance or competence was defined as
selfefficacy, the belief that one has the ability to perform physics activities. Each
construct included subcodes: internal and external, and positive, negative, and neither.
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Researchers then created frequency charts to display the coded data and formed a model
intended to display the relationships between constructs and resources.
It is important to highlight the fact that the authors of the CPI did not claim to
have advanced a theory of inclusive physics. Instead, the framework was designed to
identify patterns and trends between study participants. An apparent limitation was that
the CPI does not assess the culture of physics. The CPI does not display a structural or
systemic view of a physics classroom or program but presents results from each
participant as unique data. Because of this possible limitation, questions remained on how
useful the CPI would be to informing a theory of inclusive physics learning
environments.
The CPI is an organizing framework designed to collect the appropriate data and it
may act as an interpretive tool for racialized identity and physics identity. As an
interpretive tool, the CPI connected the constructs and subcodes demonstrating the
relatedness of resources to identity and the constructs. The preliminary model sought to
articulate the theoretical foundation of the CPI. It was intended to explicate physics
identity culturally and socially and it appears to have described the structural and
systemic influences available in narrative data. Based on previous studies over the last
decade, the CPI incorporated a more complex theoretical model by adding a critical lens
and re-articulating previous physics identity constructs. Although the CPI is a detailed
descriptive structure addressing the integration of the identity of physics and racialized
identity, what may remain is the underlying theory that supports the implementation of
inclusive physics learning environments. However, similar attempts to articulate the
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influence of physics identity in physics education research, using the community of
practice sociocultural model to design courses (Lave & Wenger, 1991; Wenger, 1999),
arguably failed to integrate social identity and thus failed to address inclusion (Irving et
al., 2020). Communities of practice as a learning environment model (Irving et al., 2020)
have been critiqued for not addressing standpoint epistemologies like critical race theory
or feminist epistemologies (Curnow, 2016). Furthermore, without a critical lens it is
argued communities of practice do not distinguish practice and identity from the larger
social context (Curnow, 2016), which is addressed in the CPI model. On the other hand,
sociocultural situated cognition does appear to attend to the individual, structural, and
systemic or symbolic context (Clancey, 2008; Curnow, 2016).
Limitations and Challenges
One concern about the findings of the CPI framework and the family of physics
identity frameworks referenced in this chapter was that theoretical unit of analysis
appeared to begin with the student as the source for data. Also, although increasingly
accepted, physics identity frameworks may inconsistently apply teaching strategies when
unable to articulate White identity or gendered identity. On the one hand, the CPI as an
interpretive tool for racialized and physics identity helps organize data for those able to
articulate their social identity. On the other hand, research has shown (Andersson &
Johannsson, 2016) that students may be unable to articulate their gender and/or racial
identity, leaving physics identity to overpopulate the data. However, in line with
sociocultural theory, physics research may require a rationale for a discipline-specific
approach that centers social identities in relation to the learning environment while also
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measuring physics identity constructs. A similar conclusion was reached by Vossoughi
and Gutiérrez (2016) and Medin and Bang (2014), positing that practices of exclusion are
largely structural and systemic, and thus they propose critical theory address science
education and learning environments as an interruptive tool to address the structural
disparities.
At this stage, the literature review of inclusive physics learning environment
literature identified situated cognitive constructs used to research physics identity and
social identity. In so doing, the literature review provided an overview of socio-cultural
theory and examined previous research of inclusive physics that involved sociocultural
theory. Did the literature demonstrate if and how physics research has utilized
sociocultural theory at the structural and systemic levels of the learning environment?
From this standpoint, sociocultural approaches can be considered under-theorized, and
this may explain why physics strategies, beliefs, and values are more assimilative than
inclusive of social identities. These findings supported the notion that situated cognition
as a branch of sociocultural theory may inform an overarching theoretical framework for
inclusive physics learning environments.
Chapter 3
Methods
Chapter three details the overall components of the research design and
methodology used to address the inclusive physics learning environment research
questions. The dissertation study used a qualitative approach using interview data of 18
university physics instructors. Research design, participant and sampling procedures,
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measures, data collection and analysis processes, and ethical limitations are included in
this chapter.
The purpose of the dissertation study was to theoretically discover an inclusive
physics learning environment framework in order to contribute to further research on
diversity, equity, and inclusion in physics degree programs and physics education
research. In addition, the dissertation research study does not differ in purpose from the
grant research study from which the data was collected. It was determined that additional
research methods of the interview data may further advance the objectives and outcomes
of the grant research study by theoretically analyzing interview data using grounded
theory and situational analysis methods. Some of the original grant research findings
focused on the interpersonal or individual unit of analysis, with a view to understanding
justice and hospitality practices. The original grant research findings also centered the
structural marginalization of women and people of color in physics, framing physics
education as an opportunity to disrupt such oppressive processes (Robertson et al., 2018).
Research Questions
The dissertation research questions were designed to theoretically examine the
inclusive physics learning environment strategies of 18 college and university faculty
interview data and develop a discipline-specific theoretical framework that addressed the
lack of inclusion of women and students of color in physics programs. Thus, the primary
objective of this situational analysis grounded theory research was to theoretically
examine the inclusive physics learning environment strategies of 18 college and
university faculty interview data gathered in the Identifying Best Practices for Inclusive

52
Physics Learning Environments study (NSF 2016) and develop a discipline-specific
theoretical framework to inform the lack of inclusion of women and students of color in
physics programs.
1. What is an inclusive physics learning environment theoretical framework?
a. What aspects of a theoretical framework directly impact assimilative
outcomes?
b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
c. How does a critical sociocultural approach structure physics culture?
2. What sociocultural factors strongly correlate or align with inclusive physics
learning environments?
3. How does an ecological/structural/systemic unit of analysis advance
sociocultural theory?
4. What is a physics social world, and what is its relation to inclusive physics
learning environments?
Research Design
Qualitative Research
Creswell and Poth (2017) define qualitative research as the application of an
interpretive and theoretical framework to examine and interpret social and human
problems of individuals and groups. Qualitative research often addresses “what” and
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“how” questions when attempting to understand experiences and perceptions (Charmaz,
2008). Sociocultural identity analysis offers the researcher a view of power relations and
commonalities through a range of research methodologies (Creswell & Poth, 2017).
Qualitative research methods were appropriate to collect and analyze interview
data for the research study grant and the dissertation study. It allowed for the
interpretation of participant strategies, values, principles, and beliefs about inclusive
physics. Discourses can be evaluated iteratively allowing the researcher to move back and
forth between multiple perspectives, ultimately developing a broader sketch of the
relationships, identities, and factors (Creswell & Poth, 2017). Furthermore, the research
grant study utilized open-ended questions allowing for study participants to provide
detailed words and images and more complex levels of abstraction. As such, qualitative
research methods were the most appropriate approach to analyzing data and forming
interpretations.
Grounded Theory
The dissertation study applied constructivist grounded theory, but the research
study grant did not. Grounded theory was applicable to this dissertation study because it
explicated the theory development process for creating inclusive physics learning
environments. Key findings are grounded in the experience or situated activity of the
study participants (Creswell & Poth, 2017; Corbin & Strauss, 2008). This dissertation
study applied grounded theory because grounded theory is concerned with explaining a
process or phenomena of individual and social groups to generate theoretically findings
(Creswell & Poth, 2017; Glaser & Strauss, 2017). This dissertation study sought to
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further the grant research study by theoretically analyzing inclusive physics learning
practices, identifying the steps in that process, what is core to inclusive physics learning
environments, and what strategies were documented by physics instructors. Therefore,
this dissertation seeks to locate the inclusive physics learning environment theoretical
framework, grounded within the situated process of physics instructor practices.
Glaser and Strauss (2017) introduced grounded theory as a qualitative research
methodology. They proffered sociological research needed to form theory from data and
such approaches should not engage theory prior to data collection and analysis. They
outlined the formation of theory to emerge from the data believing that the emergence of
theory had explanatory and predictive ability. Additionally, grounded theory entails the
emergence of theory from systemically derived data towards the development of new
theories. As opposed to deriving deductions from a priori assumptions, Glaser and
Strauss (2017) outlined grounded research to generate theory inductively.
Constructivist Paradigm
The dissertation study employed a postmodern and poststructural grounded theory
approach based in social constructivist epistemology (Clarke, 2019; Clarke et al., 2015;
2018). Charmaz (2014) details the ability of a social constructionist approach to grounded theory to
answer the “why” questions in addition to the what and how questions. Theory is defined by social
constructivism as an explanatory process or action, a generative analytic framework (Creswell & Poth,
2017; Charmaz, 2008, 2014). An alternative to a positivist approach, an interpretivist approach allows for
subjectivity of the researcher and study participants to co-construct meaning and interpret activities
analytically (Charmaz, 2014). Identified with pragmatist epistemologies, Charmaz also emphasizes
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problem-solving, assumes indeterminacy, and identifies multiple perspectives and situated realities. The
constructivists frame this phenomenon through a social, structural, and symbolic lens (Clarke, 2019),
which is the theoretical focus of this dissertation.
Participants. The grant research study interviewed 18 university faculty from
physics programs. Participants were identified via a national survey sent out by the
American Physical Society and through colleagues of the research team’s professional
networks. No data was collected on the participants’ universities though the interview
protocol asked participants to describe their programs. Participants either self-identified
or were referred by others for their work on equity and physics. Eight participants
selfidentified as female, and ten self-identified as male. Two participants self-identified as
Indian or South Asian, one as African American, one as both Middle Eastern and White,
one as Latina, and thirteen as White, Caucasian, or Anglo.
Purposeful Sampling. Qualitative inquiry initially identifies a target population
based on the researcher’s understanding of the phenomenon and what a sample may know
about the developing topic (Morse & Clark, 2019). Purposeful sampling involves
identifying those with knowledge of the phenomenon under study (Creswell & Poth,
2017). As noted by Morse and Clark (2019), qualitative inquiry uses sampling to identify
those with relevant understanding of the phenomenon in accordance with the needs of the
research. They assert that grounded theory allows for sampling to change with the
emergence of themes. During the grant research study, an initial snowball sampling
process was conducted. Creswell and Poth (2017) define snowball or chain sampling as
locating cases from those who know types of information-rich cases. The research team
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discussed the population sample and pursued initial recruitment of participants through
relational networks and referrals available to the team. Specifically, inquiries were made
to locate those who practiced inclusive strategies in teaching physics. The grant research
team further sampled with the expansion of the analysis. A second round of
semistructured interviews was enacted. Interviews were conducted one year later with 12
participants and designed to conceptually explore ideas and experiences learned in the
first round of interviews.
Data Collection Measures. All data for the dissertation was collected as a part of
a grant research study supported by the National Science Foundation (NSF-1611318).
The grant research team conducted semi-structured interviews defined as open-ended
questioning of the participants (Creswell & Poth, 2017; Morse & Clark, 2019).
Participants were interviewed via Skype or other conference recording methods.
Interviews were recorded and transcribed using a professional transcription service. No
interviews were conducted without written consent of the participant. Each interview
occurred in a single interview session and was scheduled for one hour. Not all interviews
lasted for the scheduled time or included introductory conversations.
Interviews were conducted in two rounds, with questions serving as a guide and
not a strict protocol. Six faculty participated in round one and were asked about (a) the
gender and racial or ethnic makeup of their courses and departments; (b) how they think
gender/race/ethnicity affects physics learning or progress through a physics degree, if at
all; (c) how their goal of supporting women and people of color shows in their instruction
or departmental practices; and (d) why they care about gender/racial/ethnic diversity in
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physics. Faculty could answer either questions about their instruction, departmental
policies, or both. Twelve faculty participated in round two, approximately one year later.
In round two, participants answered questions 2 through 4, and were additionally asked
(a) what it would mean to them for a physics learning environment to be inclusive and (b)
whether they have had any significant experiences that influence their thinking about
women and people of color in physics. The protocol called for question (a) to be asked
before Questions 2 through 4. Question (b) was interspersed within.
Grant research interview protocol questions were: (a) what the demographic
makeup of their courses and departments are; (b) how they believe sociocultural identity
(race, gender, ethnicity) affects physics learning, if at all; (c) how their goal to support
women and people of color is demonstrated pedagogically or through departmental
practices; and (d) what is the source of why they care about diversity and inclusion in
physics.
In the second round of interviews, instructors were asked questions b, c, and d.
They were also asked what it would mean for a physics learning environment to be
inclusive and whether they had any significant experiences that influenced their thinking
about women and people of color in physics. Grounded theory allows for the interview
protocols and questions to be adapted to ensure data is actively constructed with study
participants (Charmaz, 2014; Creswell & Poth, 2017; Glaser & Strauss, 2017; Morse &
Clark, 2019). These measures supported the theoretical conceptualization of the
dissertation study’s use of situational analysis.
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For the dissertation study, the interview data was coded after the initial grant
research study had concluded. No other grant research investigators participated in the
dissertation study analysis. Using grounded theory methodologies and situational
analysis, a different set of research questions and subsequent set of findings were formed.
As a part of the literature review an analysis of three studies supported the validation of
codes and themes identified in the data. No other validation strategies were employed.
Creswell and Poth (2017) recommend multiple validation strategies. The study design
included situational mapping in addition to coding, with the belief that the lack of
validation strategies would be supported by systemic mapping of the codes and themes.
Data Analysis. At the end of the grant research study, another data analysis
process began specifically for the dissertation study. Constructivist grounded theory and
situational analysis were used for dissertation research but were not used in the grant
research study. Data analysis explored the situated elements and sociocultural contexts of
inclusive physics learning instructors. Theoretical categories emerged conceptually to
understand the “how” and “what” of the unit of analysis.
Open Coding and Analytic Memos. Through the use of memos and open coding
of study participant interviews, themes emerged systemically and informed the
development of theoretical concepts. Coding of all interviews was largely a descriptive
process of labeling phenomena within the interview data line by line. Coding involves
aggregating the transcribed interviews into categories and then assigning labels (Belgrave
& Seide, 2019; Creswell & Poth, 2017). It is a progressive and generative process noting
meaningful categories from data in ways that evolve from and fit the situation or unit of

59
analysis which defines grounded theory (Charmaz, 2014; Glaser & Strauss, 2017).
Categories were developed from the characteristics of interview data. Categories can be
descriptive, conceptual, and analytical in nature (Charmaz, 2014; Corbin & Strauss,
2008). For this dissertation, categories were both descriptive and conceptual. Categories
were also subject to a constant comparative analysis (Clarke et al., 2017; Kelle, 2019),
moving back and forth between similar themes or categories, comparing similarities and
differences, forming subcategories, and identifying variations in the data. Certain
categories were not carried forward for further analysis, based on the literature review.
Furthermore, it was necessary to return to the data consistently, allowing for new
conceptualizations of the data to occur (Clarke et al., 2015, 2018).
Memo-writing followed the coding process. Memo-writing is the process of
journaling or sketching ideas that evolve from the themes or categories (Creswell & Poth,
2017). Urquhart (2019) describes memo-writing as an exploratory process allowing for
the analytic categories derived through coding to be further explicated and connected to
other ideas and possibly other theories. Patterns formed through ongoing memo-writing
of interview data and substantive memos became more analytical. Ideas about categories
formed from the memo-writing process and comparisons were made with other
respondents’ experiences.
Situational Analysis Mapping. The dissertation study also conducted a situational
analysis of the grant research data. This was intended to focus and further develop the
analysis on the individual-interpersonal and structural-systemic orientation to inclusive
physics. Grounded theory and situational analysis are distinct approaches, but Clarke et
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al. (2017) argued situational analysis is complementary with grounded theory and other
social constructivist paradigms. To further deepen the interpretive approach, Clarke et al.
(2015; 2018) developed situational analysis as a new method compatible with
constructivist grounded theory. Situational analysis further examines the unit of analysis
from a structural, systemic, and symbolic perspective. Situational analysis assisted the
interpretation of interview data by applying a research approach that recognized
sociocultural interactions, structural relationships, and symbolic complexities using three
cartographic maps that interpreted the complexities of the sociocultural context in the
data. Situational mapping began early in the coding and memo-writing process by
forming draft sketches of the categories under consideration. Early maps were used to
support the overall research design. Each map asked specific questions of the data
(Clarke et al., 2017) by visualizing interactions, helping to systemically represent data
relationally.
Mapping also assisted in the reimagining and reinterpreting of interview data
analytically, clarifying “who” and “what” at different levels of the data. Meso-level
describes the categories of the social worlds. For example, the mapping process helped
locate physics culture and its relationships to authoritative bodies. The micro-level
positional map located the subjects present or not present in the situation, as in the
curriculum. Clarke et al. (2015, 2018) include an analysis of non-human elements such as
mapping assessments or textbooks.
Abstract Situational Map. The first map, the abstract situational map, was an
analytical mapping of the whole situation (Clarke et al., 2015, 2018). Grounded theory
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codes and memos are not transferred into maps. Abstract situational maps are the first
step in interpreting the data. Multiple situational maps were repeatedly constructed to
interpret the symbolic interactivities, relationalities, and discourses. Abstract situational
mapping is a broad and all-inclusive description of symbols and discursive meanings.
Key questions informed by Clarke et al. (2017) are summarized as follows: (a) who and
what discourses and narratives are in this situation, (b) who and what identities and
ideologies may matter in this situation, and (c) what other elements or experiences may
make a difference in this situation.
Social Worlds and Arenas Map. The second major map was a social worlds and
arenas map. Strauss (1978) described social worlds as spaces shaped by interactivities,
shared and organized. This broad social action map is a fluid and emergent description of
groupings, disciplines, and shared commitments of the social situation (Clarke et al.,
2015, 2018). Therefore, multiple formal organizations and affiliations named by study
participants were mapped. Shared discourses of academic disciplines and physics
academic organizations were mapped as intersecting entities. Organizational and
institutional actors’ activities were analytically developed through memo writing and
mapped here.
Positional Map. The third map is a form of discourse analysis of which the
purpose is to organize the major positions within the situation of inquiry. An analysis of
the major concerns and contestations was identified and mapped appropriately. All major
discourses were analyzed in relation to each other. Effort was made to include all
discourses equitably and on their own terms. Contradictory positions, unaffiliated to
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related actors or organizations, were portrayed topographically. Intensities and silences
were mapped positionally along an X and Y axis. Similarly, contested and agreeable
positions were mapped positionally along an X and Y axis. Multiple versions were
constructed in determining the most representative X and Y axis.
Ethical Concerns. The role of the researcher in qualitative research is a reflexive
position in grounded theory (Charmaz, 2014; Creswell & Poth, 2017; Glaser & Strauss,
2017; Morse & Clark, 2019). Awareness of researcher positionality allows for reflexivity
and encourages the researcher to identify researcher bias (Creswell & Poth, 2017). In
addition, a constructivist approach addresses bias in qualitative research through the
coconstruction of data between researcher and participants (Mruck & Mey, 2019).
To address researcher bias and validation in qualitative studies, triangulation is
employed (Creswell & Poth, 2017). Triangulation involves locating evidence to
document codes and emerging themes using different sources (Creswell & Poth, 2017).
In this study, bias was addressed through constant comparative methods and triangulation of the data
(Charmaz, 2014). The literature review involved analyzing three research articles to document the codes
and emerging themes identified in the data analysis.
Qualitative researchers engage in reflexivity through the research design, data
collection, analysis, and writing process (Creswell & Poth, 2017). As co-principal
investigator of the grant study, I served as a social equity consultant for the grant research
study Identifying Best Practices for Inclusive Physics Learning Environments
(NSF1611318). Beliefs of equity and justice were also foregrounded and considered
throughout the dissertation study. In many ways I was marginally positioned to physics
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education and culture, having no physics instruction background. Such a position both
informed the theorizing of an inclusive physics learning environment framework and
biased the research as well.

Chapter 4
Findings
In Chapter Four, I will illustrate the key findings of the study in accordance with
the research questions. The analysis will be illustrated using situated analysis maps
derived from reflective journaling and analytical memos developed from the coding
scheme. This chapter concludes with a summary of the significant findings. The
implications for these findings are discussed in the following chapter.
The dissertation research study hypothesizes that inclusive physics strategies are
under-theorized. The literature review revealed that previous research centers the
individual student as the unit of analysis and not the power relations present to the
physics classroom as a sociocultural system. Accordingly, I propose a particular
orientation to physics. One which theoretically connects physics, social identity, and
culture at the pedagogical level. If accurate, inclusion strategies and practices may yield
only marginal participation for women and non-White students when looking at the
physics degrees for the same population. Thus, the main objective of this grounded theory
situational analysis was to theoretically examine the inclusive physics learning
environment strategies of 18 college and university faculty interview data for a
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sociocultural orientated physics theoretical framework. My analysis included examining
individual-interpersonal and structural-systemic focal points present in the interview data
using situational analysis methods.
A primary contribution of this dissertation research study was to advance the
theory and scholarship of inclusive physics and related instructional practices. The
findings may also inform the practices of peer instruction, curriculum development, and
retention practices of physics and STEM programs in higher education and beyond. Thus,
the significance of the dissertation findings may directly speak to how society and social
institutions, such as policy makers, view the culturalism of science and physics. It is
proposed such a view deepens a pedagogical relationship between diversity, inclusive
learning environments, and physics education.
Research Questions
Each research question was written based on the objectives of the study. The
objective of this dissertation was to locate an emerging theoretical framework within the
interview data of the Identifying Best Practices for Inclusive Physics Learning
Environments (NSF-1611318) research study.
1. What is an inclusive physics learning environment theoretical framework?
a. What aspects of a theoretical framework directly impact assimilative
outcomes?
b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
c. How does a critical sociocultural approach structure physics culture?
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2. What sociocultural factors strongly correlate or align with inclusive physics
learning environments?
3. How does an ecological/structural/systemic unit of analysis advance
sociocultural theory?
4. What is a physics social world, and what is its relation to inclusive physics
learning environments?
Sample Demographics
Interview data from 18 university physics programs was used for this study.
Participants were initially identified in the grant research study via a national survey sent
out by the American Physical Society and through colleagues of the Identifying Best
Practices for Inclusive Physics Learning Environments (NSF-1611318) research team’s
professional networks. No data was collected on the participants’ universities though the
interview protocol asked participants to describe their programs. Eight participants
selfidentified as female, and ten self-identified as male. Two participants self-identified as
Indian or South Asian, one as African American, one as both Middle Eastern and White,
one as Latina, and thirteen as White, Caucasian, or Anglo.
Data Collection
Initial data collection included semi-structured interviews in two rounds, with
questions serving as a guide and not a strict protocol. I, along with the other grant study
researchers, conducted the two rounds of interviews. Data were discussed in regular
weekly meetings throughout the grant research study. Discussions regarding the analysis
of the data were also conducted as a research team. Typically, notes of each meeting were
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curated on a shared document and made available to the research team. All respondents’
names were anonymized prior to the transcription process.
Six participants were in round one and were asked about the gender and racial or
ethnic makeup of their courses and departments as well as how they think
gender/race/ethnicity affects physics learning or progress through a physics degree, if at
all. They were asked to describe how their goal of supporting women and people of color
shows in their instruction or departmental practices, and why they care about
gender/racial/ethnic diversity in physics. Interviewees could answer questions either
about their instruction, departmental policies, or both.
Twelve faculty participated in round two approximately one year later. In round
two, participants were additionally asked (a) what it would mean to them for a physics
learning environment to be inclusive and (b) whether they have had any significant
experiences that influence their thinking about women and people of color in physics.
The protocol called for question (a) to be ask what participants think
gender/race/ethnicity affects physics learning or progress through a physics degree.
Question (b) was interspersed within.
For the dissertation study, I re-analyzed each transcript and coded the interview
data after the initial grant research study had concluded. No other grant research
investigators participated in the dissertation study research. Using grounded theory
methodologies and situational analysis, I formed a set of research questions and
conducted my analysis seeking to discover emerging themes.
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Situational Analysis
The Sage Handbook of Current Developments in Ground Theory defines
situational analysis as an extension of constructive grounded theory that contributed to
social theory and poststructural approaches, about the turn of the century (Clarke, 2019).
Situational analysis is both abductive and inductive and defines the situation as the
conditional and co-constructed elements related to each other and constituting each other
(Clarke, 2019). Contained within the unit of analysis are the co-constructed elements,
such as technologies and the built or natural environments described as non-human
elements. Situated analysis calls the observer to reflexively examine the micro, meso, and
macro levels as also co-constructed and thus related. Relationality of the conditional
elements, according to Clarke and Charmaz (2019), involves the analysis of cultural
activities as social phenomenon. To analyze elements present in the unit of analysis, is to
examine how they are mediated by symbols, discourses, and practices (Cole, 1995a), and
thus meaning was able to be derived from the complexities, ecologies, and relationalities
present in the social phenomenon (Clarke & Charmaz, 2019). Clarke and Charmaz (2019)
argue that analysis of power, oppression, categories of people, and differential impacts on
those categories is an important part of the postmodern, poststructural, interpretive, and
critical nature of constructivist grounded theory and situational analysis.
Drawing upon the critical aspects of situational analysis, I analyzed interview data
for how power was used and how it functioned. Such critical aspects like power,
oppression, inequity, disparity, and positionality were important to the dissertation
research questions so as to provide a sociocultural analysis of the relationship between
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diversity, inclusive learning environments, and physics education Additionally, I sought
to understand the nature of hierarchies, ways of knowing, ways of belonging, and how
those were interrelated. Situational analysis’ ability to visualize cultural systems at
differing social levels from an ecological perspective was central to analyzing the data.
The dissertation study examined how the sociocultural and co-constructed
elements were organized and how they were or were not related to the unit of analysis—
the physics learning environment. I sought to analyze the relationship of the conditional
elements described in the interview data. Elements included non-human entities such as
technology, things, institutional symbols, and political spaces of influence, which were
noted in the interview data. In essence, the analysis I conducted examined the
coconstructed and situated elements within the ecology of the inclusive physics learning
environments.
The Mapping Process
According to Clarke and Charmaz (2019) and Clarke et al. (2015, 2018),
situational analysis includes the formation of three maps. All three maps are analytical
tools used to examine the co-constitutive and conditional elements observed in the data
(Clarke et al., 2017). Maps presented for this dissertation were revised many times.
Emerging themes, codes, and memos are not transferred into maps (Clarke et al., 2017).
Abstract situational maps are the first step in interpreting the data. Mapping
visualizes analytical data of the whole situation or unit of analysis. Multiple situational
maps were repeatedly constructed to interpret such elements as the symbolic
interactivities, relationalities, and discourses. Abstract situational mapping is a broad and
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all-inclusive description of symbols and discursive meanings (Clarke & Charmaz, 2019).
Adapted from Clarke and Charmaz (2019) and Clarke et al. (2017), I employed key
questions to deepen the analysis. Who and what human and non-human discourses and
extant narratives are in this situation? Who and what identities and ideologies
prominently related? What other cycles of actions and relationalities are presented? For
this study, a list of cultural phenomena, symbolic elements, contested elements, political
economic realities, organizations, institutions, and spatial issues were identified in the
interview data. Additionally, situational mapping requires several revisions to be added to
this list with the intent to make it as exhaustive as possible through a constant
comparative analysis, thereby ensuring the situational mapping was an iterative and
dynamic process (Clarke et al., 2015, 2018).
The goal of the social worlds/arenas map was to identify and analyze the
organizational and institutional level data, often described as meso-level data (Clarke et
al., 2015, 2018; Clarke & Charmaz, 2019). An analysis of the data as a cultural system
was conducted. Interview data was examined for the institutional relationships and
elements for how they relate to one another, and how actors described in the data were a
part of a sociocultural system. For example, did interviewees describe participating in a
collective way of being? And was this interrelated activity influential or determinative to
the inclusive physics learning strategies discussed by the participants?
For the third map, according to Clarke and Charmaz (2019) and Clarke et al.
(2015, 2018) the positional map describes the contested elements for further analysis and
interpretation. I sought to locate positional elements in the discursive data. For example,
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present in the data were varying positions on diversity’s impact on the legitimacy of the
physics classroom. Positional maps presented the contested or oppositional elements
visually.
Findings
1. What is an inclusive physics learning environment theoretical framework?
My analysis of the interview data found that inclusive physics learning
environments were conceptualized theoretically as a complex ecology of interrelated
symbols, interactions, and discourses. The findings presented described interrelated
categories forming a set of related constructs. Each primary category suggested
participants thought about other categories as a part of or influenced by another construct.
A dialectical relationship between constructs was found to be the primary process at work
in the learning environment. From these results it was clear that the theoretical framework
included an organizing set of related constructs and processes.
Participants described the interrelatedness of inclusion strategies in the physics
learning environment in two situated epistemic modes. Analysis of interview data
revealed physics culture was conceptualized as having a subject or content orientation
and also a sociocultural construct, or context. This will be explicated further, but in
contrast, the mapping data consistently displayed physics as a content category and its
inclusive approaches as clearly distinct from physics as a sociocultural category or theme
and its inclusive approaches. The theoretical framework of an inclusive physics learning
environment centered these two situated epistemic modes. Further analysis was

71
conducted through comparison of situation maps to see how these were related to other
elements in the learning environment data.
As seen in Figure 1, the two physics categories directly related to actions and
discourses prominently in the data. For example, interviewees shared how they
understood the purpose of teaching physics as contrasted with the purpose of inclusion.
They often contrasted physics and inclusion, describing the project of teaching physics
and the desire for inclusion as misaligned, unrelated, disconnected, counter to each other,
or made more difficult by one or the other. Counter to this position, fewer respondents
described teaching physics and inclusive strategies as not entirely distinct activities and at
best, needing to be aligned. These respondents tended to conceptualize diversity and
inclusion as necessarily impacting the teaching and learning of physics. Multiple
discourses detailed differing positions and approaches to inclusive strategies in ways that
led me to align instructors according to these two situated epistemic physics modes. Yet
the findings did not reveal that instructors differed greatly in their desire for or definition
of inclusion. The physics epistemologies only appeared to shape how they defined and
pedagogically approached inclusive physics learning environments.
Charmaz (2014) notes the importance of rich and thick descriptions in conducting
grounded theory. Detailed narratives generated through interview data support the
development of richness of information in developing grounded theory (Glaser & Strauss,
2017). Accordingly, such focused and robust descriptions are necessary to generate
diverse types of data of the physics learning environment. Rich descriptions of the two
physics epistemic categories at work in the learning environment revealed a more detailed
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account of the epistemic and pedagogical relationship. Physics content involved a set of
ideas which sought to align physics within a historical and hierarchical mental model.
Instructors tended to position the idea of physics as an intractable set of ideas. For
example, respondent “Charlotte” described physics in this way.
I think physics is hard and it’s not going to be for everyone, but we want those
difficulties to emerge naturally from the material, not externally imposed by our
own experience or by us, or whatever.
In general, this quote reflects an understanding of physics as not only difficult but
not for everyone. Physics is not only a hard subject, but theoretically is conceptualized as
impervious. The content is resistant to external impositions. Physics-sociocultural
elements involved a set of ideas which sought to align physics within a cultural-historical
context. Instructors tended to position the idea of physics as situated within particular
activities and influenced by larger cultural phenomenon. Respondent “Vicki” provided a
response detailing physics as being influenced by differing voices configured as the
opposite of being hard.
Okay so I mean for one thing it’s I think it can be a way richer field and way
richer field when you have all different voices and all different types of people
and all different perspectives involved, like you’re just being limited by people
you have, and there’s groups that aren’t participating in that then it’s just the
whole field is limited by who’s participating um and just I’m a big proponent of
just kind of um quality and just justice and you know everyone having
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opportunities and so when you see when I see groups that where something’s not
working for whatever reason it’s not the same experience.
Contrasting these approaches shows how one instructor views physics as
impervious and difficult. The other conceptualizes physics as multi-voiced, permeable,
and thus participatory. Next, a fuller description of the epistemic modes and their
relationships to pedagogical elements of instruction will be presented.
In Figure 1, the analysis of the interview data mapped the contested positional
discourses of inclusive physics learning environments. While not a statistical
representation, it displayed the ways instructors described physics with specific
pedagogical approaches. A rich description of physics culture discourses revealed
contested approaches of instruction at both the individual level and the social-systemic
level. At the individual level, descriptions of students included references to their
inability, lack of capacity, unwillingness, or barriers they faced to learn physics. Barriers
included lacking support, opportunity, and access. At the social-systemic level, learning
strategies such as argumentation were indicative of White males and consensus building
as more indicative of females and non-Whites. The inclusive strategies either evidenced a
belief that the system has failed students or that the inclusive strategies aimed to address
failing students. In this way, the inclusive strategies represented a culture of invitation to
assimilation or invitation to enculturation. The invitations appeared as a continuum
between “all students should feel comfortable with physics culture” on one end and “all
students should feel uncomfortable learning a different type of physics culture” on the
other.
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Figure 1
Inclusive Physics Positional Map
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Dialectical Relationship. According to Fosket (2016), situated analysis explores
the core actors and elements within the entirety of the unit of analysis. The situatedness of
the elements of instruction was identified by connecting artifacts, such as activities and
discourses. But who or what embedded the discourses and activities? This question was
fundamental to understanding how instructors oriented their approach to inclusion.
Essentially, what was the primary process to physics content-context relationship that
determined how instructors chose which way of thinking? Situated analysis identified a
theory of the inclusive physics learning environment as containing two core actors. Each
actor functioned in relationship to the physics content and sociocultural context. These
core actors, instructor agency and the physics social world, frequently influenced an
instructor’s alignment to either physics as content or physics as context. In general, it was
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found that instructor agency and the physics social world influenced the instructor’s
treatment of the physics environment. This will be discussed later in this chapter.
Instructor agency is defined as the instructor’s understanding of their sociocultural
identity represented as their lived experiences. Instructor agency often influenced how an
instructor oriented their pedagogical approach to the physics learning environment (i.e.,
one of the two physics situated ways of thinking, content or context). Similarly, the
physics social world was a factor in determining which conception of physics was to be
operationalized. Additionally, the findings also revealed instructor agency and the physics
social world were mediated at different levels of the learning environment. It was
discovered that the lived experiences and identity of instructors assisted in mediating their
understanding and application of physics content-context relationship at the micro level.
Said differently, instructor agency mediated the physics content-context via an
instructor’s mental processing. Data revealed instructors actively deliberated this
construct. The mediated activities related to the physics social world did so at the
systemic level. Hence, it was discovered that the contested elements or pedagogical
approaches were related at multiple levels of the learning environment via the
epistemological construct as influenced by instructor agency and the physics social world.
Thus, the data could be relationally mapped as A was a part of B, and A-B was influenced
by C. The pedagogical approaches are a part of the epistemological construct. The
epistemological-pedagogical relationship was influenced by a dialectical relationship. A
more detailed explication of instructor agency and the physics social world relationship
follows.
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In Figure 2, the abstract mapping of data displayed the orientation of instructor
agency and the physics social world. Data in the two lower quadrants centered instructor
agency. Instructor agency was coded as a continuum of lived experiences in relation to
inclusion, diversity, and physics community. Agency and the physics social world
revealed discourses such as what makes a good physics professor within the physics
department and physics academic community. It also included dialectically shaping the
instructor’s choice to mediate inclusive physics in accordance with the physics social
world. Such actions, seen through a sociocultural theoretical lens, emphasized the
cultural-historical activities of the instructors. Hence, agency was also found to be
representative of the larger historical narratives and activities of physics programs and the
academic environment that informed instructors as they engaged the academic
community. As a result, instructor agency and the physics social world were discovered
to function dialectally, and again influenced how instructors thought about physics. For
example, an instructor would refer to a lived experience with a former female roommate
who lacked confidence in taking an introductory physics class. The physics social world
described in the data included discourses where instructors were aware of the view of
physics as more rigorous for those students who are less inclined to argumentation in
sense-making. The inclusive physics strategy was to talk with female students about their
lack of confidence in engaging argumentation with male students.
Figure 2 displays the situatedness of ideas on race, gender, and inclusive physics
practices and how they reflected instructor agency. Rich descriptions of the interview data
highlighted how lived experiences and identity were more likely to directly connect to
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cultural ideas and discourses on race, gender, inclusion, and physics than a particular
training course, book, or other formal learning approach, for example. When called to
recount the description of an inclusive physics learning environment, respondents were
more likely to narrate their own experience with race and gender inclusion. Even if a
faculty described a recent training on diversity or inclusion, the majority of the discourse
or cultural ideas about inclusive physics learning environments predominantly reflected
their lived experiences. When respondents described the mediated action, such as writing
a syllabus statement on inclusion, they often referenced their own lived experience and
reflected upon their social identity. The following quote from participant “Cate” provides
an example of referencing one’s own lived experience with physics.
So, the classic physics professor that I know, and that people even here still think
this is the way you teach physics. You walk in there and you say something like,
so everybody knows how to use a seesaw, everybody knows how to swing on a
swing, everybody knows how to sled down a hill. There’s basic stuff we know
about physics. And so, people have been living in the physical world their whole
lives, so if anyone’s got a good shot at knowing how things work, it’s them. But
what they do is they go in there and they don’t pick the easy thing, the easy thing
that everybody can predict … So, they totally disempower. And I, I hate that way.
I mean, I had professors like that. I hate that. It’s like, what are you talking about?
So now you’re this big fancy person.
In general, the quote exemplifies a trend among instructors who valued their own
lived experiences to determine the inclusive strategy or practice used. In the following
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quote, professor agency and elements of instruction are interrelated discourses.
Participant “Andrew” describes the normative culture of the learning environment in
teaching physics. The following quote is an example of how participants typically
described the relationship.
Not every culture has rhetorical questions or in some cultures it’s rude to
challenge the teacher or correct the teacher or answer without raising your hand or
whatever class norms that I might be trying to establish or just assuming are
established. So, I’ve not had much experience with that but that’s something I’ve
read and have found interesting. I either haven’t experienced or haven’t noticed
when it’s happening in my class.
In this quote, “Andrew” noted that the approach to inclusion involved using relatable
analogies to provide additional representation of a physics concept when argumentation
or consensus-making was the pedagogical tool used to encourage sense making. Even
when the respondent had read something about inclusive practices, the connected
elements within the discourse centered on the respondent’s lived experiences and
identity.
The Learning Environment. In Figure 3, interview data was mapped to identify
the inclusive learning environment broadly. The related human and non-human elements
were illustrated. Clusters of issues, challenges, conflicts, messaging, practices, and other
aspects of inclusive physics learning environments tended to be mediated by professor
agency. Thus, as was noted previously, an emerging theoretical framework of inclusive
physics learning environments included a strong relationship between instructor agency
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and the physics social world. Relational mapping was important to understanding how
critical sociocultural approaches structured the physics culture, a research question that
will be addressed later in this chapter. Furthermore, given the micro- and macro-level
findings, this coherence revealed the significance of analyzing the learning environment
as the unit of analysis and not only individual cognition, which will also be discussed
later in this chapter.
Figure 3
Abstract Relational Map
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Figure 3 illustrated the relationship of significant elements, instructor agency, and
the physics social world. Figure 3 summarizes the theoretical framework of inclusive
physics learning environments discussed in research question one. This framework served
as the foundational structure for conceptualizing emerging theories and served to
structurally organize the emerging theoretical framework.
Levels within the learning environment were described in the data in two ways
located on each side of Figure 4. The position of the two physics ways of knowing is
related and centered the framework around the epistemic and pedagogical elements.
Centered in the diagram is the physics social world and instructor agency. Future findings
in this chapter will inform the positionality of the physics social world and instructor
agency. As described previously, the data was relationally mapped as A was a part of B,
and A-B was influenced by C. The pedagogical approaches were a part of the
epistemological construct. The epistemological-pedagogical relationship was influenced
by a dialectical relationship.
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Figure 4
Emerging Inclusive Physics Learning Environment Framework
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1a. What aspects of a theoretical framework impacted assimilative outcomes?
Figure 4 displays one of the two situated ways of knowing the theoretical
framework, physics-content, and its relationship to assimilative outcomes. For some
study participants, inclusive strategies did not involve addressing race or gender issues
unless they were asked. This was because as respondent “William” noted, “I’m supposed
to be teaching physics. I’m not supposed to be doing other things.” How many
respondents responded similarly? It was according to the respondent’s orientation to
physics as content which determined how instructors treated race, gender, and physics.
Primarily, inclusion involved assimilating students when the interview data was coded as
physics content. Additionally, respondent “William” would go on to add that the focus is
to try and treat everyone the same but would later add that it was unclear if such an
approach was good enough. Assimilative outcomes were coded as possessing deficits,
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such as lacking confidence, lacking the right experiences in high school, a bad attitude, or
insufficient social capital. Teaching physics through the conceptual category, physics
content, often involved requiring that students learn cultural norms while also learning
physics. It was unclear when and where students’ cultural deficits occurred or how they
could be overcome within the learning environment. It was only stated that students lack
necessary tools to learn physics. Though the cultural norms were not reported to be
included within the teaching of the course material or syllabi, respondents noted the
importance of them to learning physics during the interviews. Respondent “William”
provides an example:
Two of the female students came to office hours at a time and they’re very
concerned about the exam. They don’t know how it’s going to go. You can tell by
the way they talk about the subject whether they’re confident that they understand
what’s going on. With both of them I said, “When you turn something in that we
grade you do very well on it all the time. So why don’t you believe that you can
do it on the exam? What’s the [inaudible 00:09:55] Is there something you
perceive as really being different?” They’ll say no. So, then we’ll talk about it. I’ll
say, “I want you to have more confidence. I want you to get up in the morning, I
want you to look in the mirror and say, ‘Yeah I got this physics thing. It’s not a
big deal. I can do it. I’m good at it.’ I want you to do that twice a day, every day
for the next two weeks. The sports coaches will tell you that to be successful in
sports you have to believe that you can do it. You can talk yourself into the right
frame of mind where it will work out. So why don’t you do the same thing in
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physics?” You almost never have this conversation with a guy. It’s almost always
women and it’s always a few each semester.
This quote may evidence believing one can do physics is needed in order to do
well in physics. Confidence, as a cultural norm, was stated as a required element to assist
female students in test preparation. This was something a male instructor was able to
identify in his female students. Female students were said to need to assimilate into a
culture of greater confidence that men apparently rarely needed to assimilate. This is an
example of female students lacking a cultural norm as a requirement of learning physics.
Confidence as a subjective reality was descriptive of gender in this way, requiring female
students assimilate by at-home exercises similar to sports coaching. Therefore, the
theoretical framework of an inclusive physics learning environment produced assimilative
outcomes when physics-content was the orientation of the instructor.
Alternatively, it was discovered that when physics as a sociocultural construct was
the orientation of the instructor, it acted as a type of resistance to assimilative outcomes
by providing an alternate socialization to the inclusive physics learning environment.
Coded as enculturation, resistance to assimilative outcomes included descriptions of
physics such as this one provided by respondent “Raj”, teaching at a diverse institution,
who stated:
Right, I would have to say I would have to be able to be comfortable saying my
content knowledge can’t look like the content knowledge of a physics 101 class
anywhere else. I think I would have to become comfortable to say well you know
what we’re going to do. We’re going to do physics of the body for a while, and
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we’re going to talk about the things we have in common, and we’re explicitly
going to address the things that we don’t have in common.
Such descriptions provided a detailed account of the perspective of teaching physics
through an enculturation lens. Theoretically, for the instructor to consider physics of the
body, engaging differences and commonalities once again presented an invitation to an
enculturation approach to teaching and learning physics.
1b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
1c. What is a physics social world and its relation to inclusive physics learning
environments?
My analysis of the data found these two research questions were related
theoretically and that made it difficult to answer these two questions distinctively.
Collected, coded, and mapped data for these two questions were analyzed simultaneously
based on previous literature and the overlap in the data. To address researcher bias and
validation in qualitative studies, triangulation is employed (Creswell & Poth, 2017).
Triangulation involves locating evidence to document codes and emerging themes using
different sources (Creswell & Poth, 2017). As a part of the literature review, an analysis
of three studies supported the validation of codes and themes identified in the data. No
other validation strategies were employed. This does speak to a possible lack of
credibility of the study findings. Creswell and Poth (2017) recommend multiple
validation strategies. The study design included situational mapping in addition to
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coding, with the belief that the lack of validation strategies would be supported by
mapping coded data.
In general, the data showed a prominent group identity, thematically labeled as the
physics social world. Respondents directly and indirectly referred to the associations that
contribute to group identity. Mapped data identified the ability to negotiate meaning and
distribute ideas to be located within the institutional spaces of the physics social world.
Power, an important theme of the emerging theoretical framework, was defined as the
ability to negotiate and reify ideas and norms and confer value. Instructors noted that the
learning environment was not limited to the classroom but extended to include the
associations and institutions of the physics community.
Research data detailed descriptions of a multimember association where physics
community members discussed ideas about inclusive physics. Interview data included
coded themes regarding group identity construction and activities. Terms that identified
membership to a community were regularly used. Other activities involved references to
conferences and learning about inclusive approaches from other physics instructors. A
part of the sharing, data included discussing ideas and developing understanding of the
relevance and practices of physics and inclusion.
The physics social world practices included sharing knowledge and meaning
making activities to influence and inform instructor ideas about conceptions of inclusion,
defining the different elements of physics, and identifying practices for novices and
mavericks. These themes were mapped and analyzed in relation to the discursive sites
referenced by participants. The associated discursive sites displayed in Figure 3 map the
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inclusive physics learning environment as a community where novice instructors engage
ideas. For some respondents, interview data included shared representations of power
within the network of physics associations and related groups. Instructors referenced
being influenced by and looking to physics’ related associations to negotiate the meaning
and values for inclusion and physics as they gain mastery. Figure 3 shows the multiple
discursive sites where instructors identified the places and conversations of inclusion and
physics. Such sites were coded and mapped. They described the shared knowledge,
meaning making, and validating values of physics education. I also coded interview data
where respondents described the physics social world’s inclusive strategy in resistant
terms, such as something to contend, overcome, and that which is unfair, or unjust.
Mapping the physics world produced a theoretical understanding of the historical
and hierarchical nature of the relational structures that are present in the physics world.
Structures named in Figure 3 are not a comprehensive list but a representation of the
types of places that informed the discursive elements for distributing shared knowledge of
inclusion and physics to instructors. Instructors referenced being in conversation with
these structures. The discourses were based in the validating of cultural-historical ideas
and practices by the social world. When instructors discussed practices for inclusive
physics learning environments, they referenced the meaning making and knowledge
sharing process of documenting and validating what it means to teach and learn physics
in hierarchical terms. Value and validation within the physics community of practice
negotiated a distinction between inclusion and physics. Thus, the emerging theoretical
framework of inclusive physics learning environment involved organizing power of the
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physics social world through informing and validating ideas on inclusion and physics and
debating the historic conceptualizations of physics content. This finding also supports
earlier findings (see Figure 1) regarding the belonging element of instruction as
assimilative or enculturation. The hierarchical order of the physics social world was a
determinative factor in forming the invitational nature of physics culture.
Figure 5
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The social worlds map displays the physics department, university STEM
affiliations, association of physics educators and researchers, the National Science
Foundation, and other funding organizations, that were conceptualized as a type of
multimember learning framework. Social world mapping and thematic coding identified
the university world of physics associations as communities with multiple member
associations whose practices were mapped as a learning circle or cycle. Members
appeared willingly accountable for developing ideas and practices, in this case inclusive
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physics teaching strategies. According to Wenger et al. (2002), the authority of the
multimember community of practice is derived from collegial relationships and common
identity. This will be dealt with more deliberately in the following chapter. Here, it is
important to note the mapping and coding identified the structure of the physics social
world similar to a multimember community of practice that embedded and distributed
meaningful ideas, practices, and values into the inclusive physics learning environment.
Descriptions of the organizing capacity (power) were found in the interview data that
informed this emerging theory of inclusive physics learning environments. Respondent
“Anita” provided a detailed accounting in the following quotes when asked to describe
inclusive physics learning environments.
So, when it comes to a conversation in the physics world about diversity and
inclusion, I think we are still lacking to have a perspective of social justice, we are
still in the narrative of just adding numbers. The narrative that we have is a
justification of a diverse body of people doing physics, instead of analyzing what
are the practices of what you are doing that keep pushing people away from that
field.
The narrative described by “Anita” marked the negotiated meaning making of the physics
world in terms of narrative for justifying perspective on social justice, and source of those
ideas located in the physics collegial community of practice. Not only did I identify that
the inclusive learning environment extended to include the physics social world, but I
also identified its relation to power and located quotes describing negotiating meaning
and group identity. Respondent “Anita” continued:
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So, the way that I’m looking at that, if we start from that kind of conversation,
because physics is, like the environment itself is so strong and so, so defined that
we are lacking that piece of the creativity that involves physics. We are teaching
physics as a one way to follow instead of creating space.
“Anita”, who self-described as a member of the community, highlighted the influence
and authority of the physics social world and its direct impact on how teaching inclusive
physics happens in the classroom. The influence of the physics world described by
“Anita” was also present in terms of the way the learning framework instantiated and
replicated the ideas of the physics social world. The completion of the physics social
world’s learning circle was evidenced in the following statement by “Anita” in her
description of including students, and it was representative of other respondents: We
keep saying, “Oh why they don’t do this. Why don’t they do that.” But we’re not even
analyzing where do they live, what do they have access to. We keep justifying this piece
of we are the model, so anybody can fit themselves into our world, then they can be a
physicist instead of having psychics being part of the world.
The mapping and coding of the interview data highlighted quotes like these by “Anita” as
instructive in understanding the theoretical framework of the inclusive physics learning
environment. “Anita” references her identity as a member of a community, negotiating
inclusion and physics, providing insight into the cultural world of physics.
In summary, the place and spaces for organizing power through negotiating
meaning for inclusion and physics extended beyond the classroom. The mapping and
coding identified the structure of the physics social world, an associated community of
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physics members, that embeds and distributes meaningful ideas, practices, and values into
the inclusive physics learning environment. The contextual activities and discursive
locations revealed how novice teachers acquired and shared representations of power to
achieve proficiency within a network of physics associations and related organizations.
Instructors consistently emphasized the physics group’s identity and learning community
as its social and cultural world.
1d. How does a critical sociocultural approach structure physics culture?
The goal of sociocultural research is to understand related human activities that
mediate mental cognition within a cultural system or environment (Cole, 1995a; Werstch
et al., 1995). According to Bronckart (1995) and Esmonde and Booker (2017),
sociocultural theory argues that artifacts, defined as language, discourses, and ideologies,
are mediated as a representation of mental cognition in the context in which they are
situated. Additionally, theorists posit mental cognition as both individual or embodied,
and social or extended (Wilson & Clark, 2008), meaning instructors may be cognitively
mapping artifacts at different levels in a cultural system. The cultural system is
understood by theorists to be situated and thus has the character of being distributed as a
product of the cultural-historical activities (Cole, 1995a; Sawyer & Greeno, 2008). The
mediated instructional artifacts of instructors would function as the cognitive work of
physics culture. Such artifacts are co-constituted between individual cognition of the
instructors and their learning environment. As a result, discovered in the coding scheme
and situational mapping, findings were framed as cultural-historical narratives and their
related ideologies.
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This research question also sought to locate findings significant to connecting
critical theory and sociocultural theory. My analysis uncovered thematic correlations that
explain how a critical sociocultural approach shaped physics culture. Critical
sociocultural methods, according to Esmonde and Booker (2017), explain the
interrelatedness of power, structures, individual disparities, and how such disparities
manifest themselves within the culture of the learning environment. My examination of
respondents’ inclusive approaches focused on results related to the negotiation of
structural disparities within the cultural-historical context of the learning environment.
A persistent pattern in the data and the situational analysis was a cognitive model
for inclusion thematically coded as similitude, as in uniform, similar, or common.
Instructors applied similitude differently. Some applied it to the student’s sociocultural
identity. Others applied it to accessing physical space, such as a study room. Some also
sought to make uniform the lived experiences of students or create a common physics
culture. Each of these will be discussed further in detail. However, regardless of the
mediational means chosen, instructors attempted to address structural disparities in the
classroom via a similitude model that also appeared to involve trying to create a more
homogeneous culture. The mediated artifacts represented the cognitive work of making
the students, the physical spaces, lived experiences, or physics culture more uniform. As
exampled in the following quote, this may have produced a type of homogeneity where
inclusive strategies are for everyone. Respondent “Darren” suggested:
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Without specifically aiming at what do we have to do to make a program inviting
for women or what do we have to do to make our program inviting for Latinos,
we just … as well as we can estimate, make the program inviting for everybody.
That’s worked really well, but we haven’t used any specific aiming strategies yet.
This respondent examples the theme of similitude by accentuating the desire to make the
physics program inviting for everybody without addressing the diversity of the classroom.
Next, I will provide examples of the mediated activities and related discourses and
their relationship to disparities in power and physics culture. I will conclude with a
significant finding related to the relationship discovered in the mapping data. My analysis
of the mapping data revealed that within the theme of similitude, instructors primarily
connected it to participation, but not achievement.
Inclusive Similitude. Similitude as an analytic code was frequently defined as an
intent to ensure that historically underrepresented students in physics were included and
treated the same as other students. Instructors described this as a critical approach to
addressing inherent inequities in the physics culture and the learning environment.
Several participants noted this or similar approaches to be the accepted practice of their
departments. Examples included departmental statements declaring all students were
equal in the physics classroom because their ethnicity, race, and gender were not
determinative in their matriculation through the physics program. The classroom behavior
and opportunities of traditional students, primarily male and White, was said to be
accessible to all other students. According to interview data, the instructor’s inclusive
strategies were to create an environment where all students were able to participate. Other
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activities included integrating statements in the syllabi or communicating this message to
faculty, the message being, all students are the same. Respondent “Williams” described
the approach by saying, “I perhaps approach it by not focusing on the fact that
everybody’s different or that you have men and women. I try to treat everybody the same
way.”
The next mediated artifact in the creation of uniformity or sameness was the
mediation of the learning environment’s physical space. Participants in the study offered
a series of associated inclusive approaches demonstrating a mental or cognitive
representation of the similitude theme applied to the physical areas of the learning
environment. For example, respondent “Priscilla” described the approach in this way.
Right, so we do have an undergraduate study room that all of the undergraduates have
access to with their keycard. I try to do several activities where we actually go to that
room so that everybody knows about it and has access to it. To be inclusive was to
represent the study room as accessible to everyone. Several activities of the class were
designed to demonstrate everyone has access or permission to the same space, to create
equal access to the study room space. Other instructors approached their office space or
other learning spaces in a similar way. Such activities could represent those instructors
understood there to be a historical barrier to participation for underrepresented students
related to the physical spaces of the learning environment. This activity was said to
represent an attempt to remove perceived barriers or disparities in accessing the study
room. Hence, everyone needed to be aware of equal access to specific locations, thus
making common or uniform physical access and participation an ecological as well as a
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pedagogical approach to inclusion, the message being, all students have the same
opportunity.
According to my findings, to be inclusive, educators had to equate or make
uniform issues like privilege, power, and injustice, something to which no student was
immune. One respondent described this practice as making the implicit inequities
explicitly a part of all student classroom experiences. For example, an instructor
described how no one student was immune from these inequities. They would go on to
describe how all were at least capable of behaving or being the victim of injustice.
Instructor artifacts represented the leveling of lived experiences, as in all students have
the same embodied experiences related to injustices and inequities, the message being, all
students are alike in their cultural-historical experiences. In order to address inequities in
the learning environment, these instructors, similar to the other instructors, cognitively
represented mediated activities as a similitude of sociocultural lived experiences of
students in the physics learning environment. Based on the literature review, it was
hypothesized that the theoretical structure of an inclusive learning environment would
include the ability to interpret and interrupt the structural and symbolic environmental
factors and interrogate the mediated activities at the individual level. I argue inclusive
similitude is an approach to interpreting, interrupting, and interrogating the inclusive
physics learning environment. Inclusive similitude may then act as an initial step to
addressing physics culture.
Lastly, respondent “Vicky” provided a detailed description of the similitude theme
within the culture of a diverse classroom. The demographics presented by respondent
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“Vicky” described the class as predominantly consisting of underrepresented students.
The following quote evidenced an inclusive approach to a diverse introductory physics
classroom with the focus on creating a different physics culture. The inclusive strategies
represented mediation wherein all students were given access to a more equitable physics
culture. Instead of the student’s sociocultural identity, physical spaces, or lived
experiences being the object of mediated activities, in this case the physics culture is the
object of mediation. Respondent “Vicky” noted:
I would say so absolutely cause I think so my own thing being a grad student in
physics and stuff and a woman I could just imagine it’s even worse for probably
minority students is that I think the culture of physics is kind of a White male
culture and it’s how White males interact with each other and then that isn’t a
really a comfortable culture for other people...so I think that’s part of what makes
it hard for women to not want to the challenge of persisting in something that isn’t
totally comfortable isn’t that appealing in the long run sometimes so I think when
you create a different culture where everyone’s working together and it's about
collaboration and you know we’re figuring out physics as a group that that
changes the conversation about like how the classroom should look and you know
what are the expectations and it makes people more feel like they’re more part of
what’s going on rather than just maybe the few people answering the questions
that the teacher asks in the class and then everyone else feels maybe kind of
sidelined or that they don’t have a really intelligent sounding thing to say or
maybe they don’t know the answer right off, but um so I think it switches it
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around so that other people can be more comfortable because it’s not about
belonging it’s about like okay we’re working together as a team.
Instructors who self-identified as having experience with a diverse student body
often described inclusion involved addressing inequities by changing the physics culture.
Due to what they believed to be unjust or simply uncomfortable for underrepresented
students, these instructors sought to address the physics culture. They accomplished this
by implementing different activities from those they perceived to only benefit White male
students. Instructors introduced collaborative and consensus building exercises in the
hopes that all students would work together, believing physics culture limited
sensemaking activities. In this specific context, instructional practices like argumentation
were the opposite of consensus-building. According to the findings of this study,
instructors mediated a learning environment that allowed all students to adopt a common
physics culture of collaboration and teamwork. Next, I will address the aspect of critical
sociocultural approaches of the research question.
Participation and Achievement. Figures 1 and 2 analytically map the similitude
theme with a host of relationships of other classroom practices. The upper right quadrant
of Figure 2 was concentrated on assessment, which was closely linked with sameness.
The concept of assessment or evaluation generated discourses such as success variables
and grades, which when combined as a theme were re-coded as achievement. These
achievement-related ideologies demonstrated a connection to power but only a distant
connection to sociocultural components. After researching the achievement-related
themes, I discovered a set of cognitive representations that, when integrated,
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demonstrated how power was allocated in the inclusive physics learning environment.
Because power and the physics social world were found to be linked, I anticipated power
and achievement ideologies could be linked as well. However, I discovered a cognitive
connection between participation of all students and inclusion that relied on the concept
of similitude, but the same conception did not exist for achievement. This discovery was
significant because achievement’s orientation related to physics culture decidedly
differently than the sociocultural elements such as race and gender did. As a result, by
associating power with achievement, the underlying theoretical framework of inclusive
physics learning environments appeared to substantively distinguish inclusion and
participation from achievement. As a result, while instructors envisioned enhanced
participation for all students, achievement was not conceptualized to be for everyone.
2. What sociocultural factors strongly correlate or align with inclusive physics learning
environments?
This research question sought to locate specific sociocultural factors that align
with inclusive physics learning environments. The data consistently revealed that a
relationship was present through the coding process and in the situational analysis
mapping process. A constant comparison of the codes, analytic themes, and mapped data
suggested a relationship between sociocultural factors and the learning environment. The
research question was proposed in hopes of identifying a particular orientation to physics,
one which connects physics, identity, society, and culture in the learning environment.
For this study, I defined sociocultural factors as an umbrella of social cognitive
processes instructors used to represent cognition or understanding of physics and the
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cultural-historical artifacts of the physics learning environment. After analyzing the data,
the sociocultural factor found to have a relationship and alignment with the inclusive
physics learning environment was mediation. More specifically, it was the instructors’
use of and identification with specific artifacts or tools to bridge their conceptions of
physics and the learning environment. These artifacts and tools functioned as an
intermediary, indirectly representing sociocultural conceptions to new members of a
group or community. Instructors used tools and discourses to extend sociocultural
conceptions in physics into the classroom and to represent them substantively within the
learning environment. Instructors appeared to support this process by referencing their
lived experience as a type of validating device, thematically described as self-validation.
This was consistent with previous findings in this study in respect to the role that
instructors’ lived experienced served to shape the learning environment. Regardless of the
inclusive strategy employed by the instructor, a consistent pattern of using a particular
tool or pedagogy, informed by the instructor’s self-validating lived experience, mediated
inclusive physics concepts into the learning environment. Taken together, my analysis
identified the likelihood that instructors identified themselves as a type of intermediary
tool mediating the physics learning environments. Therefore, theoretically, the inclusive
physics learning environments tended to include instructors mediating their own lived
experience as a sociocultural tool. This highlighted the primacy of mediation as a
sociocultural factor in relation to the inclusive physics learning environment.
Next, I will present data describing how instructors used argumentation and
consensus-building as a mediation activity. Additionally, I will establish how instructor
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agency supported this process through self-validation and mediation. Before I do this, I
will briefly review the previous study finding related to instructor lived experience to
relate the mediational means most present in the inclusive physics learning environment.
Mediation of Sense-Making. Sociocultural theorists argue that the mediated
activities take place within a social world (Holland et al., 1998). Previous findings of this
dissertation noted the significant presence of the physics social world within the
theoretical framework of the inclusive physics learning environment. Interview data of
physics instructors identified the dialectic nature between the physics social world and the
instructor’s lived experience in organizing the learning environment. The grounded
theory and situational analysis findings indicate that the physics social world and
instructor agency informed study participants’ instructional practices of inclusive physics
learning environments. As previously stated, the power of the physics social world acted
to organize activities and discourses within the physics learning environment. Instructors
tended to privilege and empower the physics social world and their lived experience in
the classroom learning environment.
My analysis indicates sociocultural mediational means was found to inform the
use of classroom instructional strategies, primarily argumentation and consensusbuilding.
This worked to convey information from the physics social world and also validated the
lived experience of instructors. No other mediation tool was as prominent as
argumentation and consensus-building. As seen in Figure 2, multiple descriptions were
given by study participants articulating the meanings related to argumentation and
consensus-building. Argumentation was described as representing maleness, rigor,
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aggression, individuality, normativity, and a lack of confidence for mostly non-White
male students. Alternatively, consensus-building represented collectivism, less rigor,
femaleness, abnormality, and cultural responsiveness to non-White students. Both
pedagogical tools were used as sense-making strategies but represented more than a way
to teach physics and communicated very little about physics content. Argumentation,
described as debate, tended to represent barriers to student participation in the coded
themes. Consensus-building, described as more favorable to ensuring participation of all
students, tended to represent shared assumptions and did not appear to connect in
meaningful ways to achievement. Whatever instructors believed argumentation and
consensus-building accomplished in terms of sense-making pedagogical activities further
served to provide sociocultural information about the inclusive physics learning
environment.
The sense-making mediation was supported by instructor agency, referenced as
the instructor’s lived experience. Thematically, self-validation was used to describe the
process of supporting mediation by using their lived experience as valid evidence. For
example, most respondents referenced their own personal situation such as a roommate in
college, a friend of color in high school, a previous experience with a former teacher, or
some other personally proximate experience as endemic of why argumentation or
consensus-building meant what it did. In the theoretical framework for inclusive physics
learning environments, the research findings presented the significance mediation played
for sense-making but to a lesser degree than how instructors’ lived experiences served as
a mediation tool.
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3. How does an ecological/structural/systemic unit of analysis advance sociocultural
theory?
Sociocultural analysis of the inclusive physics learning environment provided a
theoretical lens for understanding how physics instructors were shaped by their social
context, i.e., the physics social world. The research question addressed focusing the unit
of analysis by analyzing the environment as whole for whether the data advances
previous sociocultural scholarship. Combined with the use of situational analysis
mapping, data relevant to identity and learning in the inclusive physics learning
environment was identified. Examining the ecological, structural, and systemic unit of
analysis revealed the identity-learning theme evidenced in the respondent data, informed
their practices and discourses, was embedded in the teaching of physics, and was
prevalent in discourses of the physics social world’s institutions and associations. This
process was found prominently in the data.
Situational analysis mapping included the identity-learning data as instructors
tended to prominently include this data as reasons for and examples of teaching physics
inclusively. Figure 2 shows the mapping of identity-related themes. Respondents tended
to describe student identities as deficit-based, poor, and privileged, to name a few. Based
on the work of Lewis et al. (2007), I then re-analyzed interview transcripts to isolate the
construction of student identities process.
In order to understand how an ecological, structural, and systemic unit of analysis
advanced sociocultural theory, I analyzed the data related to student identities. By
changing the unit of analysis to include the social-systemic level, the data noticeably
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described the identity-learning theme. In examining the physics social world as an actor
within the learning environment, both acting and being acted upon, respondents described
student identities with a fair amount of detail. The instructor’s shared understanding
included discourse-type data that included examples of the construction of student
identity.
Examples of interview data will highlight the identity-learning process. It should
be noted that participants were not asked specifically about what they thought about
students. Respondent “Arjun” suggested that instructors make judgements about students
based on the way they learn and their culture. A set of interview quotes follow containing
varied constructions of student identity that speak to these judgements.

I mean there is

cultural differences, there is differences that come from an individual need. Like the way
a person learns, the way we make value judgements too easily about whether a student is
good or bad, based on very arbitrary things like tests and exams. And we forget that okay,
if a student doesn’t do well in an exam, that does not surely mean that they are bad
learner. Maybe they just learn in a different way, they take more time, or they learn at a
different pace. And a lot of time, cultural differences and gender differences, things like
that, we end up not really understanding the students’ needs when it comes to like how
they
understand and how they learn, what their work ethic is they’re used to, things
like that.
Instructors’ construction of students as culturally different and related to the way they
learn is an important finding. Students of cultural and gender differences are not as easily
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understood, for example, which for this respondent translated into a student’s work ethic.
Another example involved the respondent clarifying the desire for types of students in
relation to the physics culture.
Absolutely. Absolutely, and you know, of course some of them are shy, some
of them are you know all those things and, which is of course, that’s
wonderful, you know is if people will be different. It’s just we don’t want,
disruptive students. And those exist, there is a culture, some you know rooted
macho culture in physics and some students have you know, and we
wouldn’t, you know, that would be a big minus.
Again, it should be understood these are constructions of students within the inclusive
physics learning environment. Another respondent noted:
For example, we had a student, you know, who was clearly struggling, and every
time I talked to the student, the student says, “Oh, things are fine.” And I know
it’s not fine. And then, the program assistant would come and say, “Look,” you
know, “this person, is, will never tell, will never get help.” This is part of the
culture. You, as an African American male you would never say “help me.”
This type of identity construction described an instructor being advised that the African
American student and culture do not ask for help. The student would likely be
unsuccessful if they are culturally predisposed to not asking for help. Similarly, another
instructor said:
I remember I had a group of female African American students. They were so
insecure, and really, I was so surprised that they really felt that they couldn’t do it.
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I was trying to listen why, and I think it was a lot because of the background,
where they came from. They didn’t see their own potential. I remember I spent
the whole semester working with them, bringing to my office and talking with
them, and I think at least one of them, I remember eventually, started to change
her approach.
This study participant constructed an identity related to the student’s geographical
background and related it to not seeing their learning potential. The next respondent
described a dominant identity they believe students hold to in deference to their less
salient social identities.
So, whereas at some other college might be more rooted in being a member of
sports teams or being a member of fraternity or sorority or a newspaper or all
these co-curricular activities, here um most students’ dominant identity is that
they’re a student, that they’re here to do serious academic work, so um I think for
students for whom that project is going well, that is they’re strong students and
they’re recognized as strong students by themselves, by others, by the faculty,
um marginalization to their other identities is less salient.
What does it mean for instructors to construct student identities? What does the data tell
us about learning and identity? How does changing the unit of analysis advance our
understanding of sociocultural theory’s learning and identity relationship? Does
sociocultural theory analyze a process of racialized, sexist, or gendered learning
environment? The meaning and implications for this research question will be discussed
in the following chapter.

105
Summary of Significant Findings
Overall, I found the data represented several significant findings important in addressing
the purpose of the dissertation and research questions. Using a grounded theory
situational analysis of 18 physics university faculty interview data, the dissertation
research findings were presented. A summary of significant findings based on each
research question follows.
1. What is an inclusive physics theoretical framework?
An emerging theoretical framework of inclusive learning environment was
described in this chapter. I found study participants generally conceptualized physics in
two situated epistemic modes, which I described as physics content and physics
sociocultural orientation. Distinguishing characteristics of each were found in the data
and presented in Figure 1. Significant to these situated epistemics was the dialectical
relationship between instructor agency and the physics social world. Abstract mapping
revealed instructor agency and physics social world functioned as two core actors and
frequently determined an instructor’s alignment with a content orientation or a
sociocultural orientation. Taken together, these were found to act as an organizing center
of the theoretical framework. The pedagogical approaches were a part of the
epistemological construct. The epistemological-pedagogical relationship was influenced
by this dialectical relationship. Furthermore, each core actor connected at differing levels.
Instructor agency often influenced how an instructor oriented their approach to
inclusiveness of the learning environment at the individual level. The physics social
world frequently functioned at the social level.
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1a. What aspects of a theoretical framework directly impact assimilative
outcomes?
Assimilative outcomes were primarily found to be associated with the physics
content orientation. The theoretical framework of an inclusive physics learning
environment produced assimilative outcomes when physics-content was the epistemic
orientation of the instructor.
1b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
1c. What is a physics social world and what is its relation to inclusive physics
learning environments?
The emerging theoretical foundation of the inclusive physics learning
environment was that power, defined as the ability to negotiate and reify ideas, norms,
and bestow value, functioned within the physics social world as a multimember
community of practice. I thematically coded and mapped the physics social world in
terms of the authoritative position found in the interview data. This finding significantly
addressed how the physics social world worked to create shared knowledge and confer
value within the learning community. This was significant because it revealed where
power was located and how it organized itself within the inclusive physics learning
environment. Furthermore, a general view of the learning environment as extended
beyond the classroom also presented as an important finding.
In summary, the place and spaces for organizing power through negotiating
meaning for inclusion and physics extended beyond the classroom. The mapping and
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coding identified the structure of the physics social world, an associated community of
physics members, that embeds and distributes meaningful ideas, practices, and values into
the inclusive physics learning environment. The contextual activities and discursive
locations revealed how novice teachers acquired and shared representations of power to
achieve proficiency within a network of physics associations and related organizations.
Instructors consistently emphasized the physics group’s identity and learning community.
The developing theoretical foundation of the inclusive physics learning environment was
that power, defined as the ability to negotiate and reify ideas, norms, and bestow value, is
mediated and that instructors strongly identified as a learning community of the physics
social world because of the mediational means.
1d. How does a critical sociocultural approach structure physics culture?
My examination of respondents’ inclusive approaches found a persistent pattern in
the data, a type of cognitive model for inclusion thematically coded as similitude, as in
uniform, similar, or common. Similitude as an analytic code was frequently defined as an
intent to ensure that historically underrepresented students in physics were included and
treated the same as all other students. However, I discovered a link between participation
of all students and inclusion relied on the concept of similitude, but not the same link
with achievement. This discovery was significant because achievement’s structural power
orientation affected physics culture in ways that sociocultural elements such as race, and
gender did not. As a result, by associating power with achievement, the underlying
theoretical framework of inclusive physics learning environments appeared to
substantively distinguish inclusion and participation from achievement.
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2.

What sociocultural factors strongly correlate or align with inclusive physics

learning environments?
The constant comparison of the analytic themes and mapped data suggested a
relationship existed between sociocultural factors and the learning environment. A clear
representation of mediation as the sociocultural factor did align with the inclusive physics
learning environment. Mediation was found to use the classroom instructional strategy,
argumentation, and consensus-building to convey sociocultural information from the
physics social world. Additionally, a pattern in the interview data revealed how the lived
experience of instructors was used to validate the mediated activity. No other mediational
tool was as prominent as argumentation and consensus-building in this study.
3.

How does an ecological/structural/systemic unit of analysis advance sociocultural

theory?
The data mapped an ecological unit of analysis, thus examining the learning
environment structurally and systemically. Findings for this research question revealed an
identity-learning relationship process. The identity related theme contained descriptions
of student identities, such as poor, lacking confidence, and unable to ask for help. These
were specific descriptions of female students and students of color.
Analysis of the data demonstrated how such findings may be indicative of
sociocultural theory’s treatment of difference in the physics learning environment.
Present in the interview data was the instructor’s tendency to construct student identity,
particular in deficit-oriented ways. The significance of this process was that it coincided
with the respondents’ inclusive strategies for the physics learning environment. To

109
advance sociocultural approaches and theories may involve understanding what this
theme may tell us about the inability of sociocultural theory and approaches to theorize
inclusion of different social identities, the implications of which may support a better
understanding of cultural-historical activities and differences in social identities.

Figure 2
Abstract Situational Map
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Chapter 5
Discussion
This situational analysis grounded theory dissertation study sought to discover a
theoretical framework of inclusive physics learning environments of 18 university
physics instructors. There exists extensive literature on the topic of diversity and
inclusion in university sciences and physics programs where sociocultural approaches
were applied. The literature problematized the lack of diversity in physics and often
under-theorized inclusive physics learning environments by alternatively directing
sociocultural teaching strategies towards the individual student as the unit of analysis, not
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providing an analysis of identity and power relations, and uncritically accepting inclusion
from the perspective of participation from a peripheral and often marginal position.
Therefore, the purpose of this study involved understanding a sociocultural theoretical
framework of inclusive physics learning environments. Chapter Five discusses the
meaning of the study findings, implications for theory, practice and research, limitations
of the study, and suggestions for future research. The emerging theory was not grounded
in previous theory, thus emerged from existing data and examined if the emerging theory
contradicted, confirmed, or extended existing theory.
This dissertation was intended to reveal a framework for furthering the study of
inclusion and physics. The analysis indicates a relationship exists between constructs and
processes, confirming and also extending previous literature on sociocultural analytical
approaches to improving inclusion for higher education’s physics programs. With further
research, the emerging theoretical framework may be applicable to science, technology,
engineering, and mathematics education as well. The identified set of constructs and
related processes, it is argued, provide a plausible framework for inclusive physics
learning environments. I believe such findings inform aspects of sociocultural approaches
and how they apply to inclusive physics learning environments. Furthermore, the findings
of my dissertation study attempt to reveal new insight into previous research on inclusion
and physics for an increasingly diversifying classroom. It is my claim that the findings of
this dissertation may contribute to the professional development of physics educators and
administrators, and, more broadly, STEM educators. The framework provides a
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theoretical understanding of social cognition in relation to the cultural-historical activities
of physics learning environments.
As a qualitative study, the research is intended to generate new ideas for further
research and addresses reasons for a social phenomenon (Rovai et al., 2013). In
particular, the findings question the effectiveness of sociocultural theory and approaches
in studying inclusion and physics. The effectiveness of sociocultural theory in studying
inclusive physics may also complicate the conclusions drawn from this study. Even so, I
postulate this study does support at a minimum previous literature on the effectiveness of
sociocultural theory and related approaches when used as a theoretical lens for inclusive
physics.
Each of the findings will be discussed based on the research questions for this
study. These questions guided the study, and the emerging theory is related to the
findings presented in each question. The implications, limitations, and recommendations
for future research follow. Research Question 4 will be discussed with Research Question
1b, based on the findings. Existing literature is discussed, and as suggested by Urquhart
(2019), a grounded theory study does not impose previous literature on the coding of data
and therefore requires a theoretical integration with relevant literature retrospectively.
Research Questions
1. What is an inclusive physics learning environment theoretical framework?
a. What aspects of a theoretical framework directly impact assimilative
outcomes?
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b. How does power inform the strategies, values, and models of inclusive
physics learning environments?
c. What is a physics social world and what is its relation to inclusive
physics learning environments?
d. How does a critical sociocultural approach structure physics culture?
2. What sociocultural factors strongly correlate or align with inclusive physics
learning environments?
3. How does an ecological/structural/systemic unit of analysis advance
sociocultural theory?
Discussion
1. What is an inclusive physics learning environment theoretical framework?
Finkelstein (2005) claims when physics education draws on sociocultural research
it not only attends to the content but more directly seeks to understand what it means for
students to interact with the context, the physics learning environment. Similar questions
go back decades for sociocultural researchers questioning what it means to understand
science education as a social institution, a cultural-historical system, and an ecology of a
larger sociocultural community (Cobern & Aikenhead, 1997; Lemke, 2001; Maddock,
1981). As proffered by Wertsch et al. (1995), sociocultural research seeks to locate the
way in which the context of learning shapes mental processing. Similarly, in addressing
the lack of diversity and inclusion in science learning environments, researchers draw
upon sociocultural theory to question whether learning environments reproduce social
hierarchies by valuing those perceived to be at the top of the cultural-social order
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(Gutiérrez & Barton, 2015; Harding, 1998, 2009, 2015).
Sociocultural theory provides a supportive lens for theorizing the aspects of the
data related to the learning environment. Social and situated cognition provides a simple
and applicable set of principles to theorize individual interview data of the respondents as
evidentiary of key learning environment constructs. This demonstrates the potential of
sociocultural theory and informs the core feature of the emerging theoretical framework
articulated in this dissertation study. Hence, I describe a generalized framework of the
learning environment and related findings.
Alternatively, in my opinion, sociocultural theory and its approaches do not
provide a bold enough theoretical through-line to addressing inclusive physics. Aspects of
the learning environment are substantively informed, yet the findings do not carry enough
explanatory and exploratory power in relation to inclusion and physics. The purpose of
qualitative research consists of interpreting a social phenomenon and its capacity to
understand the meaning of human interactivities (Creswell & Poth, 2017). By including a
critical assessment of power and the use of situational analysis mapping, in this
dissertation study, I have determined sociocultural theory would theoretically address
inclusion and physics learning environments in ways that add to the current literature. In
other words, social cultural theory may not allow for researchers to inductively build
themes and interpretations on inclusion alone.
The Organizing Framework. I propose the inclusive physics learning
environment is a complex set of relationships and is informed by the cultural-historical
hierarchy of the physics learning environment. Additionally, the learning environment
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includes epistemological and pedagogical constructs, strongly influenced by the
macrolevel learning context. The epistemological aspect is a contrasting dualism labeled
physics-as-content and physics-as-context. The pedagogical aspect centers and organizes
the learning environment. Meaning, the learning environment functions pedagogically as
a dialectical relationship between instructor agency and the physics social world. This
dualistic and dialectical organizing framework informs how physics and inclusion relate
to each other within the learning environment and substantively organize other constructs
and processes of the learning environment. Following is an explication of physicsascontent, physics-as-context, instructor agency or lived experience, and the physics
social world.
Findings of this study lead me to agree with previous sociocultural science and
physics equity and inclusion studies regarding why diversity in physics is undertheorized.
In part, it is sociocultural theory’s inability to critically frame the learning environment
and its overly individualistic unit of analysis. The dissertation study findings did not
provide a substantive analytical premise for sociocultural theory’s inability to critically
frame the learning environment and its overly individualistic unit of analysis.
Contrasting Dualisms. Analysis of interview data reveals physics culture
conceptualizes physics as content or as context. The mapping data connects physics as a
content category with specific inclusive approaches clearly distinct from the physics
context category and its inclusive approaches. The theoretical framework of an inclusive
physics learning environment centers these two ways of situating physics. Meaning,
content and context are contrasting categories. Data showed instructors are aware of the
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specific discourses related to each, and they choose to engage these particular ways of
operationalizing physics in the classroom. Figure 1 maps the contested dualisms present
in the data. They display the level of awareness and cognitive work instructors do to
situate these ways of understanding physics. For every content position there is a related
context position. I interpret this to mean, the organizing center involves creating a binary
mindset to be discussed later in this chapter, i.e., physics or inclusion, and physics and
inclusion.
Dialectical Relationship. This study uses sociocultural theory to analyze the
organizational processes and core constructs that shape the inclusive physics learning
environment, thereby moving away from analyzing the socially diverse and problematic
student. In so doing, the question becomes, what are the determining or influential
constructs or processes of inclusive physics learning environments? Who or what is doing
the organizing? Gutiérrez and Barton (2015) theorize that observing the social and
ecological context of the learning environment’s cultural-historical constructions reveals
how learning environments get organized. Thus, a relevant argument based on their study
findings is to observe the social and ecological context for the organizing influences upon
the learning environment. It is further argued that the structural, normative, and settled
forms of science education make up the relationships and activities of the learning
environment (Bang & Marin, 2015). Such arguments suggest inclusion, or lack thereof, is
structural, and thus constituted by a set of structural constructs that are endemic of the
cultural-social activities of the learning environment (Bang & Marin, 2015; Gutiérrez &
Barton, 2015). Hence, inclusion should not be viewed as a diversity of individual
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students, but rather a structural element of the learning environment. An instructor or
researcher should then be able to assess how inclusive the learning environment is.
Based on the findings of the dissertation study, I define the learning environments
as a multilevel social structure and cultural system containing a dualistic and dialectical
relationship of structure and agency. One dialectical aspect is the physics social world,
and the other is the agentic aspect, or the instructor lived experiences (see Figure 6). By
dialectal I mean the logic formed through the interactions between lived experiences and
the physics social world. Thus, a dialectical relationship in this case highlights the social
cognition of instructor lived experiences forming a type of logical reasoning about
physics and inclusion. The organizing framework makes visible the activities and
structural relationships of that logic, including identifying the related discourses and
activities that act to organize the learning context. Previous studies explicated in Chapter
Two of this dissertation (Andersson & Johannson, 2016; Li et al., 2020) indicate the
interpreting of contextual influences may inform how female students and students of
color engage the situatedness, the cultural context of the physics learning environment. In
addition, Hyater-Adams et al. (2019) frame the relationship between physics learning and
physics identity using a critical physics identity framework. The findings of this
dissertation study highlight an organizing structure similarly. I claim the lived
experiences instructors embody are mediated through tools and activities and are
representative of the physics social world, thus a dialectical relationship.
The framework of the inclusive physics learning environment is in line with
sociocultural theory wherein the logic actuates the instructor’s mediated activities and
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discourses of the learning environment (Cole, 1998; Sawyer & Greeno, 2008; Werstch &
Rupert, 1993). For example, argumentation means not only a type of sense-making
pedagogical tool. It also means maleness, rigor, aggressiveness. The dialectical
relationship produces a logic about what physics is and who does it. These logical
reasonings are present in the mediated tools and activities of the learning environment.
Physics Social Worlds. Wenger et al. (2002) describe a community of practice as
having situated shared meaning and knowledge building practices. Similarly, Clarke et al.
(2017) believe social worlds involve novices and mavericks learning through practice and
discourse of a situated community, thereby negotiating meaning and values. Taken
together, a social world is theoretically a type of community of practice where the
organizing is situated and centered through legitimate peripheral participation (Lave,
1996. Within the analysis of this study, it was concluded that the social world mapping
(see Figure 3) identifies the prominence of the physics social world. As new instructors
teach physics, they engage the discourses and cultural-historical elements of the physics
institutional and structural entities. Instructors learn what is normative and acceptable
practice. They learn the tools and artifacts of the physics community. They also learn
what is not affirmed and creates marginal peripheral positions.
Lived Experiences. How might this dialectical relationship negotiate meaning,
confer value, and develop shared practices? As noted by Medin and Bang (2014),
communicating science educationally serves to share the set of cultural assumptions of
the instructor and reinforce how their community sees the world. At the level of
individual cognition informed by the social context, instructors subjectively recall lived

119
experiences that confirm what they relate to being a successful physics learner. I argue
further, evidence shows it is more important to understand how the lived experiences of
instructors work to embed activities in the classroom and to engage ideas about physics
and inclusion beyond the classroom. In applying sociocultural theory’s framing of
cognition, the findings may be interpreted to mean that when instructors’ lived
experiences do not confirm the shared meaning found in the physics social world, those
instructors experience a lack of belonging and othering, or some other marginalization.
The opposite would be true for an instructor whose lived experience strongly identified
with the physics social world. They would experience belonging and affirmation.
I propose that this dialectical relationship contributes to understanding how the
lack of inclusion is sustained. Smith and Conrey (2008) claim that belonging shapes
social cognition. If true, not only are the instructor’s lived experiences centered in the
learning environment, but so is instructor belonging and possibly physics identity
(Hyater-Adams, 2019). For some instructors, this is metaphorically like looking into the mirror to teach
physics, affirmed by their lived experiences. A majority of the instructors see their lived experience as
confirming what they think about themselves. For those with different lived experiences, such as those
who identify as female or a person of color, it is metaphorically like looking out of the window at others
doing physics. Instructors in turn experience a lack of belonging. There then must be curiosity as to how
learning communities or environments actually improve diversity without addressing the belonging
located in the cognitive reality of instructor lived experiences.
Physics and Inclusion. My interpretation of the emerging framework is that
inclusive physics learning environments consist of situated ways of knowing, influenced
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by an instructor’s lived experience and the physics social world relationship. The physics
as content construct entails teaching physics in ways that distinguish physics and
inclusion as separate efforts. Study participants often described teaching physics and
inclusive strategies as unrelated practices. Additionally, a related theme emerged from the
data that was also discussed in the literature review. The emerging framework includes
physics as subject matter, described as free from culture or social identities. In
comparison, the physics as context aligned with instructors integrating physics and
inclusive learning. Why would they function this way? It is likely that instructors use
their lived experiences to do the cognitive work. The two physics constructs function
supportively and also subordinately to instructor lived experiences and the physics social
world. My argument here is rather convoluted, largely because I am defining
subordination positionally and functionally. In the emerging learning environment
theoretical framework (Figure 6), physics ways of knowing are related based on the
dialectical relationship of instructor agency and the physics social world. Hence, physics
and inclusion are co-relational as a part of the larger effort to align the dialectical
relationship, the lived experience and the physics social world.
Implications for Theory, Research, and Practice
The impact such arguments have on inclusive physics requires more declarative
claims. How an instructor operationalizes inclusive strategies would seem to follow from
the dialectal relationship, which prepares a physics inclusion logic, which tracks to a
physics way of knowing. These are not separate processes but act together with very little
disaggregation between them. Furthermore, findings showed there was no relevant
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difference in how instructors defined inclusion, though inclusive strategies differed. As
will be discussed in greater detail in another research question, regardless of how an
instructor practices physics inclusion, it is ubiquitously conceptualized as similitude, i.e.,
the same access and experience for all students. I interpret this to mean instructors again
have a binary mindset and conceptualize physics and inclusion, or physics or inclusion. I
contend this may have more to with differences in how instructors conceptualize physics,
as opposed to how they conceptualize inclusion.
Based on the emerging theoretical framework, I draw several conclusions. I
question the effectiveness of changing instructional strategies to address the lack of
diversity in physics programs. Why? A theory of inclusive physics learning environments
may be unable to generally improve diversity outcomes in physics programs when only
addressing instructional strategies. I conclude that inclusion is indirectly about a diverse
physics classroom, but directly related to the diverse way instructors think about physics.
This structure-agency relationship functions at different levels within the learning
environment, from the individual to the social levels respectively. It supports the process
of validating, confirming, and reproducing cultural-historical artifacts of the physics
learning environment. In that way this dialectical relationship not only influences but may
also determine how instructors situate the way they pedagogically construct physics.
More research is required, but I argue this determinative process further serves as a means
to negotiate physics identities, develop shared classroom practices, and confer value on
those practices and those who practice them. The result of this assertion means the
organizing center tends to inform whether an instructor epistemologically aligns with
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physics content or context and also influences other constructs, thus, revealing the means
by which inclusion is defined and operationalized.
Figure 6
Emerging Theoretical Framework
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1a. What aspects of a theoretical framework directly impact assimilative
outcomes?
Previous literature made a case for sociocultural approaches to inclusive learning
in general and inclusive physics more specifically, often defining participation as
assimilative and deficit-oriented for underrepresented students while rewarding majority
culture students (Danielsson & Linder, 2009; Lewis et al., 2007; Rainey et al., 2019).
Since the 1990s, social learning theorists critiqued traditional curricula for its reliance on
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assimilating students, which inspired the growth of sociocultural and related frameworks
into education broadly, science education, and more recently, inclusive science education
and learning sciences research (Esmonde & Booker, 2016; Gutiérrez & Barton, 2015;
Medin & Bang, 2014). But this seems to have led to advancing individualized strategies
that further problematize students of color and women and negatively impact their
selfefficacy and sense of belonging (Bang et al., 2012; Gurgel et al., 2016; Hyater-Adams
et al., 2018; Kalender et al., 2019). Hence, it is important to analyze if this study theorizes
a set of constructs for assimilative outcomes for inclusive physics learning environments.
Previously, I discussed the epistemological conceptualizations of physicsascontent or physics-as-content. The theorized construct for the assimilative outcome
identifies a relationship between assimilative outcomes and the instructor’s
epistemological conceptions of physics. Theoretically, assimilative outcomes are
influenced by the epistemological conceptions of physics. Specifically, assimilative
outcomes appear to occur based on the instructor’s orientation to physics. For example,
when an instructor said they believed physics could be taught responsively to the
diversity of students, they were less likely to describe assimilative outcomes. Instructors
enculturate students into the learning environment viewing physics as permeable and
socially constructed. Therefore, the assimilative, deficit-oriented outcomes align strongly
with an instructor’s physics epistemology. Figure 6 displays the theoretical relationality
of the learning environment as a process that shapes the cultural-historical activities.
One factor that could explain these related constructs is whether learning communities
engage cultural-historical activities situated within a cultural context or social world for a
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specific purpose. Sociocultural theorists propose mediated activities are related to
context, situated within a learning environment or community of practice (Curnow, 2016;
Lave & Wenger, 1991; Vygotsky, 1978; Werstch et al., 1995), meaning assimilative
outcomes are in some way mediational to teaching physics. Such a consideration may
mean the assimilative outcomes connect to the two physics epistemologies as a part of or
influenced by the learning context, which in this case is the physics community of
practice, i.e., the physics social world. Taken further, assimilative outcomes would
secondarily be representational of some other social world process. If true, assimilative
outcomes would only indirectly be expected to function in accordance with the primary
purposes of the physics social world.
To build upon inclusive physics and sociocultural theory, I propose it is likely that
the way instructors understand physics is more related to the activities of the social world
and not simply instructors’ appreciation for teaching physics towards assimilative
outcomes where students are problematized. In so doing, the assimilative
culturalhistorical activities of the physics learning environment are most aligned with the
purposes of the social world, whatever that may be.
I argue this is relevant to understanding why physics is not more inclusive. The
emerging theory may conflict with inclusive strategies or equity frameworks that do not
address the discipline-specific social world; in other words, they only address the
studentinstructor relationship. I propose that assimilative outcomes are more a product of
how one thinks about physics in light of the physics social world and not necessarily how
an instructor thinks about underrepresented students per se. More research is required, but
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an instructor need not be racist or sexist to produce assimilative outcomes. They only
need to participate with the physics social world.
Implications for Theory, Research, and Practice
Theoretically, the participation with the physics social world is significant.
Physics epistemologies may also then function as a type of systemic filter, ensuring that
as instructors participate with the physics social world, the way they understand physics
is engaged significantly. In some cases, instructors asked students to conform to this
historic physics understanding, engage in argumentation, and disconnect from their own
lived experiences in order to learn physics. Other instructors changed the physics filter
and enculturated students to a physics more permeable and responsive to students, thus
changing the physics context for learning. They did so aware of the abnormal and
resistive approach they were taking. If the physics ways of knowing found in the data act
as a kind of filter for the learning environment, I hypothesized other constructs or
categories are a part of this filtering process.
Based on the ability of situational analysis mapping to locate the assimilative
relationships in the interview data, and as previously mentioned, the findings of this
question support critics of sociocultural theory who name the inability of social learning
theory to critically frame the hierarchical orientation of the inclusive learning
environment for systemic outcomes (Esmonde & Booker, 2016; Guttierez & Barton,
2015; Lewis et al., 2007). Sociocultural theory does provide an analytical lens to identify
power relations in the physics learning environment as well. This leads to the next
research question in terms of the physics social world and how power informs inclusive
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strategies, values, and models of inclusive physics learning environments. 1b. How does
power inform the strategies, values, and models of inclusive physics learning
environments?
1c. What is a physics social world and its relation to inclusive physics learning
environments?
As discussed in the literature review of this dissertation, I summarized the
conclusions of Lee (2007) and Esmonde and Booker (2017) who argue that the constructs
and assumptions of sociocultural theory do not address social identities, agency, and their
relation to power. The research questions were designed to compare previous studies to
the emerging data regarding power specific to the inclusive physics learning
environment. My assessment of physics and inclusion data is that physics diversity of
underrepresented students is not improving though physics research applies sociocultural
approaches and theories. One possible explanation is what literacy theorist Lee (2007)
and learning scientists Esmonde and Booker (2017) posit is the inability to critically
examine teaching and learning. I contend situational analysis did map places of power for
inclusive physics learning environments. The focus here is on theorizing power relations
and their influence on inclusive physics learning environments.
As I coded, mapped, and theorized the data and related findings, I found an
overlap between my analysis of power and the descriptions of the physics social world.
As such, both of the research questions regarding power and the physics social world
were analyzed together. I refer to the work of Traweek (1992), who ethnographically
presented the social world of physics and its great influence on American society.
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Traweek’s description of physics culture I argue was expanded upon by Holland et al.
(1998) in terms of the idea of cultural worlds, identity, and agency of the physics learning
environment. Holland et al. (1998) provides an understanding of cultural or social worlds
and the framing of the social lives individuals navigate. This navigation, it is argued,
forms relationally or iteratively with the structural organisms of society. Hence, based on
the overlapping analysis, and supported by previous literature, I discuss these research
questions simultaneously.
During the analysis of the data, it became clear that the data linked power and the
physics social world significantly. As shown in Figure 6, the emerging theoretical
framework positions power and the physics social world as the more formidable and
significant related construct for this reason. The power relations identify the ability to
negotiate meaning and distribute ideas within the institutional spaces of the physics social
world. Power, an important theme of the emerging theoretical framework, I define as the
ability to negotiate and reify ideas and norms and to confer value. Instructors noted that
the learning environment was not limited to the classroom but extended to include the
associations and institutions of the physics community. The emerging theoretical
foundation says the physics social world negotiates and reifies ideas, confirms identity
and norms, and bestows value. The associated discursive sites displayed in Figure 3
provide a relational orientation to power which I also theorize as a community where
novice instructors engage physics ideas. For some respondents, interview data included
shared representations of power within the network of physics associations and related
groups. Instructors referenced being influenced by and looking to physics’ related
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associations to negotiate the meaning and values for inclusion and physics as they gain
mastery.
Danielsson and Linder (2009) frame the physics community as a community of
practice, understood as a broadly interrelated and complex learning environment. Social
world mapping and thematic coding identify the university world of physics associations
as communities with multiple member associations whose practices were mapped as a
type of learning community. Members share developing ideas and practices, in this case
inclusive physics teaching research. According to Wenger et al. (2002), the authority of
the multimember community of practice is derived from collegial relationships and
common identity. Do such assertations help theorize how sociocultural approaches fail to
diversify the learning environment? This is a core question for consideration.
The findings suggest that sociocultural theory under-theorizes the centering of the
physics social world as a relational power construct in the learning environment. Irving et
al. (2020) provide a similar critique as it relates to the community of practice framework.
Danielsson and Linder (2009) describe a broader physics community as complex,
interrelated, and consisting of differently gendered communities of practice. For the
physics social world to reify ideas, validate identities, and negotiate the cultural-historical
activities as a type multi-member learning community, I argue that it deserves a
hierarchical position in the theoretical framework.
For the physics social world to essentially locate the places and spaces that
organize power may represent, again, that the learning environment organizes power
beyond the classroom through its networks, associations, and institutions. As such,
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communities of practice like the physics social world are not arbitrary or neutral
processes (Stetsenko, 2015). Sociocultural theory wrongly theorizes communities of
practice as passive or even power neutral. As noted by Traweek (1992), the physics social
world may view itself as not being a cultural community, and I argue sociocultural
theorists also view communities of practice similarly as culturally passive. I now add that
the theory for inclusive physics learning includes identifying the physics culture as
actively organizing and centering its power through the social negotiation of meaning and
values. Nissen and Van Dusen (2019) also conclude the perpetuation of racist and sexist
power structures stem by not addressing the historical and active centering of White
students.
An additional corollary interpretation of the inclusive physics learning
environment theoretical framework may be the ability of the physics social world to
actively reproduce and sustain physics culture. Said differently, the physics social world
actively reproduces itself as instructors engage with it. Instructors’ discourse evidences a
collective learning in becoming full participants. Power in this way is the ability of the
physics culture to do the social cognitive learning through member participation. How do
physics members learn collectively? They do so through the networks, associations, and
institutions that facilitate participation and thus identity formation as a part of the physics
culture. Lave and Wenger (1991) argue learning and identity occur simultaneously
though participation in community. Thus, a primary construct for inclusive physics
learning includes identifying the physics culture as actively centering its power and

130
developing identity of instructors through the social negotiation and reifying of meaning
and values.
Implications for Theory, Research, and Practice
What and how does this challenge inclusion? Here, I believe the work of Nasir
and Hand (2006), Rainey et al. (2019), and Sawyer and Greeno (2008) rightly identify the
usefulness of sociocultural theory for its ability to link classroom practice and cultural
systems with inclusion, implying that there may be an ability of the learning community
to be transformative as opposed to transactional. Danielsson and Linder (2009) also note
that identity within the legitimate peripheral community of practice framework as
proposed by Lave and Wenger (1991) wrongly concretizes membership identity as
opposed to viewing identity as more fluid (Labouta et al., 2018). Such assertions are not
new to this conversation (Holland et al., 1998). As new members engage the physics
social world there are aspects of the physics social world that seek to reproduce the
cultural-historical activities and meanings of those at the center of the learning
community. Those on the margins of that community are repeatedly indexing their
identity as they learn the practices, meaning, and identity of the learning community on a
trajectory towards full participation (Lave & Wenger, 1991; Sawyer & Greeno, 2008). It
is here the data evidences the instructor’s possibly binary mindset, physics or inclusion
versus physics and inclusion, which presents a corollary construct related to instructor
identity. More on the theoretical significance and implications for research on learning
communities will be discussed later in this chapter, but it is important to note what my
bias and expertise in equity and education leads me to consider.
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Vygostky (1978), Cole (1995b), and Wertsch et al., (1995) are just a few of those
sociocultural theorists who claim that participation transforms both the mediated activity
or tool and the mental cognition of the participant or learner. Accordingly, Stetsenko
(2015) and Farhangi (2018) critique sociocultural theoretical for the situated, passive, and
adaptive cognitive model of early social learning theorists. They argue such a non-neutral
model for science education should shift from a passive to a transformational approach to
science and physics education. If sociocultural theory centers culture, believing it to be
fundamentally core to the analysis (Werstch & Rupert, 1993; Nasir & Hand, 2006), I
posit that physics culture is not cultural, nor is it passive or neutral. Rather, physics
cultural actively transacts ideas and identities and therefore must be examined for how
power shapes participants. If the social cognitive process of sharing of ideas and meaning
making networks, associations, and institutions are transactional spaces, and not
transformational, this may explain why inclusive practitioners stay peripheral, marginal,
and resistant to the physics social world and by proxy the learning environment. This
casts doubt about the potential for diversifying learning communities when there is no
awareness of the power to reproduce and sustain this transactional cognitive process.
Nasir and Saxe (2003) similarly identify this as cultural capital, arguing for local
sociogenetic capacity of individuals to reshape learning practices. Warneken and
Tomasello (2008) argue similarly but expand on the human capacity for differentiated
cognitive perspectives as essential to cultural development. I agree with the notion that
instructor identities are not fixed but fluid. Additionally, as Danielsson and Linder (2009)
point to, learning and identity can be multivalent. It appears the fixed situatedness is a
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product of physics culture, and I argue, calls for a democratization of the learning
environment (Cheryan et al., 2017; Ryoo et al., 2013) that should emphasize a shift from
transactional cognitive process to a transformational one.
For the physics social world to actively center the learning environment also
speaks more to the social cognition process as that which sustains physics’ cultural model
and system. I contend that the transactional nature of the physics social world relies on
the implicit exchange and negotiation of values and practices as a means to preserve what
it constitutes as learning and identity. A transformational cognition seems to theoretically
integrate the contested positions found in Figure 1. Nasir and Hand (2006) and Rainey et
al. (2019) assert the hierarchical structures and the related power constructs reflect
physics culture more than they resist it. Based on the findings of this study, I would
propose this study builds on existing literature, highlighting a resistant social cognitive
dialogical process at work in the inclusive physics learning environment.
From an equity perspective, a resistant social cognitive dialogical process would
involve a more transformational impact on the identity and learning relationship, as
argued by Stetsenko (2015). Instead of a situated cognition which passively assimilates or
enculturates legitimate peripheral participants into full members (Lave & Wenger, 1991),
there is inequitable active engagement between instructor and the physics social world. A
transactional social cognition makes resistant interactivities marginal and peripheral, so
that it may continue to exchange ideas, negotiate meaning, and confer value on its reified
concepts and practices. What I contend is the data represents the presence of a possible
differentiated social cognition. Unlike transactional social cognition acting reproductively
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and guiding the inclusive physics learning environment, a differentiated social cognition
functions to speak to the power inequities for instructors. Warneken and Tomasello
(2008) argue for an evolutionary perspective in which social cognition enables diverse
cultural practices to develop. Conversely, the inclusive physics learning environment is
influenced by a physics culture social world which is highly transactional, as it actively
centers an inequitable orientation to power as instructors learn to become full participants
in the social world. Based on the data, I contend some instructors evidence a resistant
social cognition that is differentiated, potentially creating new practices and artifacts for
learning, and renegotiates physics cultural meanings and values.
1d. How does a critical sociocultural approach structure physics culture?
Current scholarship recognizes inclusive physics teaching is under-theorized
(Dewsbury, 2020; Rainey et al., 2019). In part, because inclusive approaches and research
made the unit of analysis individual students, did not provide an analysis of identity and
power relations, and uncritically accepts inclusion from the perspective of participation
from a peripheral and marginal position (Bang & Marin, 2015; Dewsbury,
2020; Farhangi, 2018; Finkelstein, 2005; Gutiérrez & Barton, 2015; Turpen et al., 2017).
The relationship between critical theory and sociocultural approaches analyzed in
interview data produced important findings. I conclude that the findings undergird the
theoretical framework for inclusive physics learning environments. Until now, much of
the discussion explicated physics and learning environments. Inclusion specifically took
shape in the data once an analysis of the interrelatedness of the structural disparities was
conducted. There are several explanations possible for this analytic relationship between
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a critical theory and physics culture. Primarily, I think it provides another interpretive
lens for the systemic analysis. Analyzing the data in this way allows for the structural
disparities and systemic power to be evaluated.
What social learning theory and related sociocultural approaches fail to recognize
is whether particular social constructs are cognitively experienced similarly. I propose
that the data shows a set of different experiences of social constructs for race and gender
may extend social learning theory. I propose, it may well be significant to answering how
sociocultural approaches are under-theorized in relation to marginalized identities. Social
learning theory may fail to analytically represent the cognitive differentiation of social
constructs such as race and gender. If social constructs are differentiated cognitively, then
sociocultural approaches may fail to analyze structural disparities that mainly impact
marginalized social identities. In effect, that all learning is social does not mean all
learning is cognitively experienced similarly. What if an instructor does not have to think
about race or gender, let alone embody such experiences? Does this materially impact
how they conceptualize physics and inclusion? Based on the findings in this study, I do
think sociocultural theory fails to frame the cognitive differences often associated with
race and gender. In so doing, inclusive physics often defined inclusion reflective of the
inability to frame the cognitive differentiation of social constructs like race and gender.
Inclusive Similitude. A pattern in the data revealed physics instructors defined
inclusion, thematically coded as similitude, or uniform, similar, and common. It is likely
that this possibly provides an important link in the emerging theory. Thematically,
similitude can be understood as activities designed to address structural disparities,
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privilege, and other perceived injustices students might experience. It is likely that
inclusive similitude is an attempt to cognitively level the playing socially by providing
equal treatment, access, and opportunity to all students. Based on the findings, in order to
increase participation, a prominent discourse in the interview data, instructors provide
equal treatment, access, and opportunity in order to address the differences and disparities
they observe. Every student should have the same access to a study room, or every
student should have access to the same information. Students should experience the
classroom similarly. But the impact of inclusive similitude must be interpreted and
discussed from the perspective of equity, because inclusive similitude connects to
participation, but not to achievement. Increasing participation lacks a connection to
grades, testing, or other achievement symbols and tools. Previous physics education
research using community of practice framework (Irving et al., 2020) and Modelling
Instruction (Brewe et al., 2010) also involves analyzing student participation. Neither
framework is designed to increase diversity, but rather assists in increasing participation.
Based on the findings, I propose inclusive similitude is a substantive physics construct
which perpetuates participatory-based learning environments but does not connect
participation with achievement.
Implications for Theory, Research, and Practice
These propositions build on existing research, as it appears inclusive similitude is
foundational to understanding the inability to diversify physics learning environments.
Inclusive similitude can create a one-size-fits-all approach to the physics learning
environment. As has been questioned by sociocultural theorists, it is possible not all
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physics instructors experience the same risk or rewards for taking on the practices of the
physics learning environment (Farhangi, 2018; Rainey et al., 2019). Yet, data showed
instructors were more likely to employ inclusive strategies that supported increasing
participation in the same way for all students. This effectively contributes to a sense of
having all things the same for every student and works towards a common physics culture
for all students. I argue this has the appearance of creating a more inclusive learning
environment, but this must be viewed in light of social identities as differentiated. In
studying inclusion and universal design for learning in science education, Baurhoo and
Asghar (2014) define inclusion as more complex than designing the learning environment
for access and more dynamic than integrating students. Inclusion, they argue, is
“providing differentiated adaptations and accommodations to facilitate student learning”
(p. 63). The claim I am making is that inclusive physics learning environments may
practice inclusion in a way that diminishes a differentiated social cognition for
sociocultural identities. More research is needed to correlate student experience with
inclusive learning environments where similitude is the pedagogical approach.
An unintended consequence may be that this type of participation constricts
participation by choosing sameness over difference, and in doing so, possibly fails to
recognize how participation from a transformative perspective of equity in the physics
learning environment, as revealed in this study and codified by Stetsenko (2015) and
Nissen and Van Dusen (2019), is more likely to lead to new practices, values, and
learning environment. I propose the data shows inclusive physics tends to produce a
cultural homogeneity wherein the physics culture at the systemic and ecological level
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does not change, even over time as suggested by Warneken and Tomasello (2008), as it
does not frame the meaningful differences needed to counter current norms and practices.
2. What sociocultural factors strongly correlate or align with inclusive physics learning
environments?
Sociocultural research seeks to understand the relationship between the
intramental and intermental planes of cognition as a way of understanding the situated
cultural-historical activities and frames the shared and distributed cognition of
communities (Clancey, 2008; Cole, 1995b; Lave & Wenger, 1991; Wertsch & Rupert,
1993). Sociocultural approaches, described as an umbrella or family of social cognitive
processes (Wilson & Clark, 2008), provide a lens to analyze related cultural-historical
artifacts of the learning environment. After analyzing the data, the sociocultural factor
having a primary relationship and alignment with the inclusive physics learning
environment is the instructors’ use of specific artifacts or tools that bridge individual
conceptions of physics and the learning environment. These artifacts and tools function as
an intermediary, indirectly teaching the sociocultural conceptions to new members of a
group or community (Cole, 1998; Robbins & Aydede, 2008; Werstch et al., 1995).
Findings show physics instructors learn particular tools and discourses as participants of
the physics social world. Identifying the tools, discourses, and artifacts creates the ability
to observe how these shows up more prominently in the inclusive physics learning
environment.
Early sociocultural theorists postulated cultural-historical development is
significant to organizing the activities of the classroom (Cole, 1998; Shabani, 2016;
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Wertsch & Rupert, 1993). The organizing activities, argumentation and
consensusbuilding are prominent tools instructors use to teach physics. In this way
argumentation and consensus-building are a primary part of a mediational process that
indirectly informs participants of physics culture values, language, and concepts.
The broader meaning here is what this study discovered about how mediation of
these sense-making actions served to index the social cognitive ideas of the learning
environment. Essentially, sociocultural theory entails analyzing argumentation as a script,
representative of the cognitive work being done in relation to inclusive physics. Based on
the study findings, I suggest argumentation and consensus-building carry meaningful
insight beyond simply the action of debate or discussion. This finding indicates that
mediation of sense-making strategies is substantively associated with transmission of
cultural-historical ideas within the physics learning environment. In this study,
argumentation as a sense-making tool is a cultural script or cognitive model informing the
physics learning environment, containing all the additional racial and gendered meanings.
Consensus-building can be considered the new practice, offering a different script
or alternative construct for the learning environment. According to Stetsenko (2015), this
new activity presents a transformative capacity to the learning environment. It is my
assessment that the data was inconclusive as to whether consensus-building was resistant
or facilitative of physics culture. One possible reason for this is that the instructional
sense-making strategies act as a bridge, connecting physics teaching and physics learning.
This is not surprising. Pedagogical strategies connecting teaching and learning are a
generally accepted principle, but argumentation served to transmit particular scripts about
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individualism, rigor, and gender. Consensus-building had the same outcome but different
scripts. It is likely that both sense-making activities served to fill the blind spot of the
other as opposed to transforming the physics culture.
Implications for Theory, Research, and Practice
When comparing these findings to previous research, it must be pointed out that
the mediation of argumentation or sense-making tools possibly requires a thorough
evaluation of what is indirectly transmitted in learning physics. Regardless of the
instructional strategy, an evaluation of the cultural-historical ideas as a part of the
instructional strategy reveals what is being mediated. Without observing the indirectly
transmitted cultural-historical scripts in the learning environment, a lack of awareness of
the impact of the cultural scripts on student learning is likely. In other words, the
mediation of sense-making in physics works to implicitly project the cultural scripts into
the learning environment. Based on the findings of this study, these gendered cultural
scripts are a part of mediating gendering sense-making. This finding denotes a process
relating two constructs, social identity and sense-making.
Danielsson and Linder (2009) call for the explicit treatment of the shared
gendered physics cultural scripts. Yet, regardless of whether they are explicit or implicit,
I propose the gendered physics cultural scripts are learned as a part of teaching and
learning physics. In line with Cwik et al. (2020), Danielsson and Linder (2009) also argue
that there are factors impacting the learning environment and are important to teaching
physics, including physics identity and belonging. My findings are consistent with their
conclusions. Can more be done by instructors to mitigate the often gendered experiences
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in introductory physics courses? The inclusive physics learning environment employs
consensus-building as an alternative pedagogical tool, of which I argue instructors
address the cultural scripts as a part of the mediated gendered sense-making tools and
discourses.
3. How does an ecological/structural/systemic unit of analysis advance sociocultural
theory?
Historically, the central assumption of social learning theory resituates cognition
from the mind and mental processing to accounting for the interaction between individual
and social dimensions in a social or learning context (Brickhouse, 2001; Cole, 1998;
Lave, 1988; Sawyer & Greeno, 2008; Wertsch et al., 1995). Hence, an instructor’s
activity cannot be reduced to their mental processing. Rather, physics instructors’
cognition is co-constructed within a culture and context, the physics learning
environment. As was discussed previously, this included the finding that the physics
social world influences the physics culture and the learning environment. The research
question seeks to understand this central assumption, as to whether the data extends
previous sociocultural scholarship.
I found situational analysis mapping supports analyzing the ecological and
systemic unit of analysis. Findings relevant to an identity development and learning
sociocultural construct (Lave & Wenger, 1991; Wenger et al., 2002) articulate how the
identity-learning construct influences instructor practices and discourses. This is
consistent with sociocultural approaches wherein student identity formation occurs as
students learn the practices situated within the physics learning environment, developing
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a physics identity. This is not a novel finding as the identity-learning construct is found in
existing physics studies (Hyater-Adams et al., 2019; Kalender et al., 2019). These
existing studies confirm physics instructors can actively engage this construct in teaching
inclusive physics as they seek to include students and move them from less peripheral
participation. The question remains though, does the identity-learning construct advance
sociocultural theory?
Constructing Student Identities. Based on the findings, an identity-learning construct is
not relevant to this research question from the standpoint that the study did not include
data from students, but an argument can be made and is being made from the perspective
of the instructor strategies reported in the data. Respondents included a type of student
identity-learning construct data in responding to the grant study questions, of which no
student oriented question was asked of respondents. Meaning, in reporting inclusive
physics learning strategies, respondents provided student identity experiences as relevant
and substantive. I propose instructors were constructing student identity, and this may be
the more relevant finding for this research question as it possibly reveals an advancement
of sociocultural theory.
Constructing student identities as a part of the inclusive physics learning
environment was most visible through the abstract mapping process. Abstractly mapping
the entire learning environment supports theoretical integration (Clarke et al., 2017).
Figure 2 relates student identities that are a part of or influenced by multiple other themes
and constructs. What is evident is sociocultural theory does not provide analytic capacity
to make visible the construction of student identities. I argue sociocultural theory
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highlights the identity-learning construct but does not appear to provide an ability to
frame the construction of student identities.
This is important to correctly interpret this construct. Wertsch (1991) suggests
Vygotsky did not clearly delineate how the cultural-historical context and institutional
elements are a part of mediated activities. Wertsch would go on to argue Vygotsky “made
precious little mention of the broader historical, institutional, or cultural processes such as
class struggle, alienation, and the rise of commodity fetishism” (p. 46). Such an
acknowledgement may possibly explain why sociocultural theory has not significantly
supported improving inclusive physics learning environments. If sociocultural theory
does not analytically locate the relationship between cultural-historical and institutional
elements of the physics social world and construction of student identities in teaching
physics, sociocultural research likewise under-theorizes the significance of social
identities in learning.
Advancing Sociocultural Theory. Therefore, advancing sociocultural theory
could also involve deepening our understanding on how student identities are constructed
instructionally. This means the construction of student identities by instructors may serve
as a type of mediational activity, as posited by Wertsch (1991). If so, the relevance of this
finding may include extending sociocultural theory to include making this type of data
more analytically visible. Situational analysis provided the analytical tool from which the
construction of identity-learning could be theorized. One possible interpretation is
situational analysis identifies and theorizes social processes, like the process of
constructing student identities.
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It is my contention that an expansion of the research field, largely accomplished
through situational analysis, provided the opportunity to map data outside of the
sociocultural theoretical framework. The data and relevant findings may in fact advance
sociocultural research by highlighting how sociocultural approaches might frame social
cognitive processes in relation to mental or individual cognition. Said more deliberately,
sociocultural theory’s ability to contribute to inclusive learning environments may
involve conceptualizing how learning environments impact mental cognition, in ways
similar to how it conceptualizes mental cognition.
A Systemic Perspective. Previous findings suggest physics instructors are
influenced to learn the practices of full members in the physics social world through
participating in the physics culture. However, data shows instructors were aware of an
alternative position and practices as legitimate peripheral participants. Figure 1 identified
these contested positions. Gutiérrez and Barton (2015) argue learning environments can
be designed and shaped to produce new futures, learning outcomes, and new social
arrangements. In this way, it is likely these peripheral instructors are shaping and
designing new social arrangements, learning outcomes, and new futures in teaching
inclusive physics. For example, were they addressing inclusion systemically to reimagine
who is a good physics student or teacher? Were they reshaping how they become good
physics students? I contend this additional hypothesis finds its relevance because of what
the data reveals about identity construction. It is not what student identity is constructed
of that is most relevant. Rather, it is the predictability new physics instructors will learn
to engage in a process of constructing student identities as a part of teaching physics
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inclusively. Recent studies on inclusive physics regarding race and gender support this
finding (Cwik et al., 2020; Hyater-Adams et al., 2019; Kalender et al., 2019). I argue
instructors on the periphery of the data were attempting to address this systemic process,
the construction of student identity.
Individualistic Reductionism. Based on the data, a valid argument can be made
that sociocultural theories do not analytically describe and interpret this physics identity
construction process. In this case, I am positing the construction of student identities is a
formational process occurring over an extended period of time and several interactivities.
As formational, I would argue an interpretation of the data includes constructing student
identity is a part of the instructor’s mental and social cognitive work in creating inclusive
strategies. The judgements found in the data involve experiences and interactions,
conversations, and most likely difficult experiences. Those interactions, I posit, would
require both mental and social cognition processes, what Vygotsky (1978) referred to as
the intramental and intermental planes, both Shabani, (2016) and Wertsch and Rupert
(1993) analytically developed. As noted in the data, a respondent discusses a struggling
student with a colleague, eventually leading to a conclusion about African American
students or female students in general. Wertsch and Rupert (1993) provided a caution to
individual cognitive reductionism. He posits that theoretically; researchers might view the
social cognition as a mirror of the mental cognition and devalue the primacy of the social
and ecological dimension. Such an approach, Werstch adds, may lead to employing
“theoretical and methodological tools designed for the analysis of a type of individual
functioning in the examining of social functioning” (p. 229). I contend this individual
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reductionism is what the identity-learning construct is, and is largely represented in the
communities of practice framework (Lave & Wenger, 1988; Wenger et al., 2002). As
such I contend this study provides a corrective to inclusive physics research and
sociocultural theory.
Implications for Theory, Research, and Practice
Constructions may also include lived experiences as a type of thought partner for
instructors. Based on previous findings in this study, the role instructors’ lived
experiences play must also be considered. As a process, the constructing of student
identity may include multiple events and interactions with peers, students, and roommates
in conferences, institutions, and associations. It would occur over time and possibly
change over time. Findings of this study support arguments that instructors generalize
individual students who are viewed demographically or geographically similar, where
instructors are likely influenced by their own lived experience. Generalizing, for example,
to all female students or all students of the same race, was also present in the data. One
experience with African Americans can get generalized to all underrepresented
minorities. From the research perspective, observing student identity construction as a
sociocultural formational process may advance sociocultural theory in ways not presently
in the literature.
Research Limitations
Much of the research in a situational analysis grounded theory study in the
constructivist tradition takes a reflexive position toward the researcher (Charmaz, 2014;
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Clarke et al., 2017). The reflexivity is intentional, and the approach is not without
limitations (Mruck & Mey, 2019). As a novice researcher this is particularly difficult. My
experience in equity and education research challenged my ability to ground my findings
in the data. It is likely the dissertation study limitations include my own lived experience
as an African American man with 17 years of racialized higher education vocational
experiences. However, I am not a physics educator and do not teach university physics.
This limitation is most associated with developing the theoretical framework and requires
attention to my positionality, whether strength or limitation. Researcher reflexivity
accordingly does not diminish my experience but calls me to be obvious about where it
impacts the dissertation study. I am unable to limit my positionality and attempt to follow
situational analysis grounded theory concepts by explicitly and iteratively analyzing data
and my experience. Reflexivity was explored by Mruck and Mey (2019) who advise
selfreflection is needed to ensure researcher bias does not limit research but informs it.
Clarke et al. (2017) further expound on researcher reflexivity, suggesting researchers
systematically engage their own personal interests as a part of what it means to engage in
constructivist grounded theory.
To address researcher bias in qualitative studies, triangulation is employed
(Creswell & Poth, 2017). Triangulation involves locating evidence to document codes
and emerging themes using different sources (Creswell & Poth, 2017). As a part of the
literature review, an analysis of three studies supported the validation of codes and
themes identified in the data. No other validation strategies were employed. This does
speak to a possible lack of credibility of the study findings. Creswell and Poth (2017)
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recommend multiple validation strategies. The study design included situational mapping
in addition to coding, with the belief that the lack of validation strategies would be
supported by mapping coded data. Situational mapping, according to Clarke et al. (2017)
involves creating multiple versions of each map. Clarke et al. (2017) suggest the mapping
process supports making the situation under study more visible. As an interpretive
approach, situational analysis is a processual approach which facilitates an abductive
generation of theories (Clarke et al., 2017). Therefore, the limitations are evident, though
they should be understood in light of the postmodern interpretive methodology of this
study.
As a post-structural interpretive study, this study is limited by the complexity of
the theoretical development methodology. Specifically, situational analysis grounded
theory requires multiple levels of interpretation of data and for the researcher to make
decisions regarding the constructs for development. A plethora of coded data, continual
reflection, and mapping presents significant challenges on two fronts for this study.
Firstly, several of the emerging theoretical constructs often overlap multiple research
questions. Constructs may be overly represented in the findings because of this.
Secondly, the constant comparative practice of grounded theory, in addition to mapping
the data, complexifies the development of emerging theory. The systematic analysis of
the data involves going back and forth comparing possible emerging constructs. The
situational analysis grounded theory methodology requires multiple versions of the three
different maps in generating theory (Clarke et al., 2017). In addressing this limitation, a
number of different interpretations were analyzed and discussed with fellow researchers.
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However, this analytical approach suffers from particular limitations related to the
complexity of theory development. The main limitation of such complexities requires that
I make decisions about the data and findings that are interpretive. Clark et al. (2018) and
Charmaz (2014) suggest that a systemic review of the data presents a difficult and
convoluted movement to theoretical development. Additionally, in grounded theory
studies, the interpretative decisions do not involve substantive references to previous
research given the emerging theories are to be grounded in the data and not previous
research. It is argued this approach may create a dynamic where previous literature has
already addressed the dissertation findings (Urquhart, 2019). Thus, another review of
literature is suggested (Urquhart, 2019) and was conducted in reviewing the dissertation
findings. In general, prior grounded theory scholarship is similarly designed and thus
similarly limited.
In the grant research design, participants self-selected to be a part of the study.
The study is limited by the fact that the methodology did not identify how representative
study participants are of physics education generally. Physics programs may differ from
university to university. Programs may differ more significantly on a regional basis.
Accounting for such limitations should be addressed in further research. Though
interview data may represent particular egocentrically situated experiences, researchers
can counteract this limitation by referring to the cultures and contexts of the interviewee
(Charmaz, 2014). Therefore, emphasis was placed on interpreting the cultural and
historical data presented in the data.
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Recommendation for Future Research
The findings presented in this study, suggest that future research consider
analyzing inclusivity in physics classrooms where the unit of analysis is ecological,
regardless of whether the data comes from students or instructors. Not only did the
literature review identify this as a gap in the literature, but also, the situational analysis
and mapping approach allowed for rich and thick descriptions to be generated from the
data by revealing the relationships between themes and concepts. I argue situational
analysis is the strength of the study design and allowed for the emergence of a theoretical
framework for inclusive physics learning environments. It is therefore important for
future research of inclusion from a learning environments perspective to include
situational analysis or similar approaches which allow for the interpretation of
relationships in the data. Sociocultural theory also emphasizes and supports identifying
the relational elements present in the social context. Thus, situational analysis allows for
the researcher to identify themes and relationships at different levels of the phenomena
under analysis. Finally, mapping the themes, categories, and processes allowed for the
analytical relationships to be more visible to the researcher.
Future studies on inclusive physics may find it useful to expand upon individual
constructs or processes discussed in the study. For example, the organizing framework
concept, the inclusion-physics construct, and the prominence of the physics social world
can each be further analyzed in relation to each other. The present study can be useful in
this way. Alternatively, the binary orientation of inclusion and physics could be explored
on its own or in relation to inclusive similitude from a learning perspective, comparing
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student and instructor data. The physics social world as a sociocultural multimember
learning community took a prominent position in the inclusive physics framework.
Further advancing what is known about social worlds studies in physics may lead to
quantitative studies in science, technology, engineering, and mathematics diversity and
inclusion research.
Discovering a framework for inclusive physics learning environments can serve to
demonstrate what is possible in inclusion and physics research. Undoubtedly, it will also
reveal further gaps in qualitative and quantitative research into inclusive physics learning
environments. Future studies may well seek to deepen our understanding of how to both
inductively and deductively understand transactional cognition and differentiated
cognition in respect to inclusive learning environments of different disciplines. Are there
ways to analyze the role lived experiences play in inclusive learning environments? How
might more instructors refer less to their own lived experiences as supportive thinking
and instead leverage the students lived experiences? In this way physics instructors can
find culturally responsive teaching (Hammond, 2015), for example, as necessary in
teaching physics to all students. Though only a small sample size, the findings do
evidence instructors are more responsive and conversant with their own lived experiences
when deliberating inclusive physics strategies. While instructors may experience
belonging when their lived experiences are reflected back to them, further research may
identify ways to re-route this social cognitive process of moving instructors from
peripheral and novice positions to a fully participatory physics identity. This may be
accomplished through unlearning a transactional social cognition to a differentiated one.
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Undergirding the emerging framework is the improvement of diversity of physics
programs. It is recommended that future research advance our understanding of inclusion
as participation, often distant from inclusion and achievement. As discussed previously in
this paper, diversifying participation may not at all improve disparities in grading or
graduation. A quantitative study may be able to compare inclusive strategies in
classrooms where inclusion is measured in terms of participation versus when it is
measured using completed assignments, for example. Furthermore, I found the way the
physics education community conceptualizes physics in relation to inclusion produces
cultural norms like assimilative approaches, which tend to gender physics amongst other
things. Future research should continue to deepen our understanding of learning
environments that unseat the prominence of this particular relationship.
Conclusion
The circumstances and situations humans find themselves in are formational.
Our mental processes, I often describe as sponge-like. We have thus come full circle to
the question in the introduction of this dissertation posed by the Supreme Court: What
does physics have to do with diversity? The learning environment of physics education,
often under-theorized, provides another opportunity to identify the formational processes
and constructs which often produce disparities in grades and graduation in physics
programs.
The cultural contexts in which the teacher and student are situated are
intentionally formational. Sociocultural theorists argue Vygotsky’s greatest contribution
was the basic premise that all environments are formational (Wertsch et al., 1995).
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Science and physics educational researchers have attempted to discover how students are
invited to assimilate into the situated physics learning environment. This study reveals
instructors conceptualize physics as a socially shared cognitive organizing framework.
They do this as a logic-producing conversation between their own lived experience and
the institutions and interactions that make up the physics social world. The logic or
reasoning often creates a binary mindset and assimilative pedagogical intent where
predominantly the physics social world affirms physics as unrelated to inclusion. Yet
instructors also reported inclusion is an important subject for the advancement of the
discipline. In a less dominant position are instructors whose logic-producing conversation
between their own lived experience and the institutions and interactions that make up the
physics social world creates a similar binary mindset where physics and inclusion are
related. Not only is inclusion important to the advancement of the discipline, but
inclusion is also defined similarly to those for whom physics and inclusion are unrelated.
However, there is an important caveat that must be further explicated. Regardless of the
physics and inclusion mindset, the inclusive physics learning environment is
educationally designed to increase student participation. Physics for all students does not
directly or primarily relate to academic achievement.
This study agrees with existing science education and learning science scholarship
that questions the lack of a critical approach and an over-individualized unit of analysis in
sociocultural research regarding diversity and inclusion. The findings of this study go
further by also revealing the organizing process described above as neither passive nor
neutral. Physics culture struggles to subvert organizing the learning environment as
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racialized or gendered space for this reason. As long as physics is viewed simply as
content to be taught, the same disparate and inequitable outcomes will continue, the
implications of which are a largely the continued preferential outcomes for those who
identity as White or male. The shared stories and practices of what it means to teach and
learn physics will reflect their own lived experience and identity. I think this study helps
identify other implications, such as what it means for the physics social world to move
from transactional social cognition to differentiated social cognition. In essence, what
does it mean to realize a kind of multi-voiced physics? This study likely serves as a pilot
framework for furthering the study of inclusion and physics and the learning
environments which may lead to unseating racialized and gendered physics.
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